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WO 97/13843 PCT/US96/16181 
PRODUCTION OF WATER STRESS OR SALT STRESS TOLERANT 
TRANSGENIC CEREAL PLANTS - 

This application claims priority of U.S. 
5 Provisional Patent Application No. 60/005,223, filed 
October 12, 1995. 

FIELD OF THE INVENTION 

The present invention relates generally to 
transgenic cereal plants, and more particularly to 
transgenic cereal plants which comprise nucleic acid 
encoding a late embryogenesis abundant protein which 
confers water stress or salt stress tolerance on the 
transgenic cereal plants. 
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BACKGROUND OF THE INVENTION 
Throughout this application various 
publications are referenced, many in parenthesis. Full 
citations for these publications are provided at the end 
of the Detailed Description. The disclosures of these 
publications in their entireties are hereby incorporated 
by reference in this application. 

Environmental stresses, such as drought, 
increased salinity of soil, and extreme temperature, are 
25 major factors in limiting plant growth and productivity. 
The worldwide loss in yield of three major cereal crops, 
rice, maize (corn) , and wheat due to water stress 
(drought) has been estimated to be over ten billion 
dollars annually. Breeding of stress- tolerant crop 
3 0 cultivars represents a promising strategy to tackle these 
problems (Epstein et al . , 1980). However, conventional 
breeding is a slow process for generating crop varieties 
with improved tolerance to stress conditions. Limited 
germplasm resources for stress tolerance and 
35 incompatibility in crosses between distantly related plant 
species are additional problems encountered in 
conventional breeding. Recent progress in plant genetic 
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transformation and availability of potentially useful 
genes characterized from different sources make.it 
possible to generate stress- tolerant crops using 
transgenic approaches (Tarczynski et al . , 1993 ; Pilon- 

5 Smits.et al., 1995). 

Characterization and cloning of plant genes 
that confer stress tolerance remains a challenge. Genetic 
studies revealed that tolerance to drought and salinity in 
some crop varieties, is principally due to additive gene 
10 effects. (Akbar et al., 1986a, 1986b) . However, the 

underlying molecular mechanism for the tolerance has never 
been revealed. Physiological and biochemical responses to 
high levels ' of ionic or nonionic solutes and decreased 
water potential have been studied in a variety of plants. 
15 Based oh accumulated experimental observations and 

theoretical consideration, one suggested mechanism that 
may underlie the adaptation or tolerance of plants to 
osmotic stresses is the accumulation c£ compatible, low 
molecular weight osmolytes such as sugar alcohols, special 
20 amino acids, and glycinebetaine (Greenway and Munns, 1980; 
Yancey et al . , 1982). Recently, a transgenic study has 
demonstrated that accumulation of the sugar alcohol 
mannitol in transgenic tobacco conferred protection 
against salt stress (Tarczynski et. al., 1993). Two recent 
25 studies using a transgenic approach have demonstrated that 
metabolic engineering of the glycinebetaine biosynthesis 
pathway is not only possible but also may eventually lead 
to production of stress-tolerant plants (Holmstrom et al . , 
1994; Rathinasabapathi et al . , 1994). 
30 in addition to metabolic changes and 

" accumulation of low molecular weight compounds, a large 
set of genes is transcriptionally activated which leads to 
accumulation of new proteins in vegetative tissue of 
plants under osmotic stress conditions " {Skriver and Mundy, 
35 1990; Chandler and Robertson, 1994). The expression 
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levels of a number of genes have been reported to be 
correlated with desiccation, salt, or cold tolerance of 
. different plant varieties of the same species. it is 
generally assumed that stress-induced proteins might play 
5 a role in tolerance, but direct evidence is still lacking, 
and the functions of many stress -responsive genes are 
unknown. Elucidating the function of these stress- 
responsive genes will not only advance our understanding 
of plant adaptation and tolerance to environmental 
10 stresses, but also may provide important information for 
designing new strategies for crop improvement (Chandler 
and Robertson, 1994) . 

Late embryogenesis abundant proteins (LEA 
proteins) were first characterized in cotton as a set of 
proteins that are highly accumulated in the embryos at the 
late stage of seed development (Dure et al . , 1981). 
Subsequently, many LEA proteins or their genes have ..been, 
characterized from different plant species (collated by 
Dure, 1992) . Based on their common amino acid sequence 
domains, LEA proteins were classified into three major 
groups (Baker et al . , 1988; Dure et al . , 1989). A group 2 
LEA protein and its cDNA have been characterized from rice 
(Mundy and Chua, 1988).. The four members of a group 2 LEA 
gene family are tandemly arranged ih'a single locus, and 
are coordinately expressed >n various rice tissues in 
response to ABA, drought, 'and salt stress (Yamaguchi- 
Shinozaki et al . , 1989). However, the functions' of these 
LEA proteins are unknown. Recently, .both group T and 
group 3 LEA proteins have been characterized from Indica 
rice varieties and the accumulation of these LEA proteins 
in response to salt stress were correlated with varietal 
tolerance to salt stress (Moons et al . , 1995). Group 2 
LEA proteins (dehydrins) containing extensive consensus 
sequence were detected in a wide range of plants, both 
monocots and dicots (Close et al . , 1993). A recent study 
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showed that a group 2 LEA gene is present , in many plant 
species but the. expression of this gene is differentially 
regulated in stress sensitive and tolerant species 
(Danyluk et al . , 1994). 
5 A. barley group 3 LEA protein, HVA1 , was 

previously, characterized from barley aleurone. The HVA1 
gene is. specifically expressed in the aleurone layers and 
the embryos during late stage of seed development , 
correlating' with the seed desiccation stage (Hong et al . , 
10 1988) . Expression of the HVA1 gene is rapidly induced in 
young seedlings' by ABA and several stress conditions 
including dehydration, salt, and extreme temperature (Hong 

et al. , 1992) . 

HVA1 protein belongs to the group 3 LEA 
15 proteins that include other members such as wheat pMA2005 
(Curry et al . , 1991; Curry and Walker-Simmons, 1993), 
cotton D-7 (Baker et al . , 1988), carrot Dc3 (Seffens et 
al., 1990), and rape pLEA76 (Harada et al . , 1989). These 
proteins are ' characterized by ll-mer tandem repeats of 
2 0 amino acid domains which may form a probable amphophilic 
alpha-helical structure that presents a hydrophilic 
surface with a hydrophobic stripe (Baker et al . , 1988; 
. Dure et al . , 1988; Dure, 1993). The barley HVA1 gene and 
the wheat pMA2005 gene (Curry et al:," 1991; Curry and 
25 Walker-Simmons, 1993) are highly similar at both the 

nucleotide level and predicted amino acid level . These 
two monocot genes are closely related to the cotton D-7 
gene (Baker et al . , 1988) and carrot Dc3 gene (Seffens et 
al. , 1990) with which they share a similar structural gene 
30 organization (Straub et al . , 1994). 

in many cases, the timing of LEA mRNA and 
protein accumulation is' correlated with the seed 
desiccation process and associated with elevated in vivo 
abscisic acid (ABA)' levels . ' The expression of LEA genes 
35 is also induced in isolated immature embryos by ABA, and 
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in vegetative tissues by ABA and various environmental 
stresses, such as drought, salt, and extreme temperature 
(Skriver and Mundy, 1990; Chandler and Robertson, 1994). 

There is, therefore, a correlation between LEA 
5 gene expression or LEA protein accumulation with stress 
tolerance in a number of plants. For example, in severely 
dehydrated wheat seedlings, the accumulation of high 
levels of group 3 LEA proteins was correlated with tissue 
dehydration tolerance (Ried and Walker-Simmons, 1993). 
10 Studies on several Indica varieties of rice showed that 
the levels of group 2 LEA proteins (also known as 
dehydrins) and group 3 LEA proteins in roots were 
significantly higher in salt-tolerant varieties compared 
with sensitive varieties (Moons et al . , 1995). 

On the other hand, the presence of other LEA 
proteins is not always correlated with stress tolerance. 
For example, comparative studies on wild rice and paddy 
rice showed that the intolerance of wild rice seeds to 
dehydration at low temperature is not due to an absence of 
or an inability to synthesize group 2 LEA/dehydrin 
proteins, ABA, or soluble carbohydrates (Bradford and 
Chandler, 1992; Still et al . , 1994). Overproduction of a 
group 2 LEA protein from the resurrection plant 
Craterostigma in tobacco did not confer tolerance to 
25 osmotic stress (Iturriaga et al., 1992). It has been 
found that LEA proteins' are not sufficient to confer 
desiccation tolerance in soybean seeds, and it is the LEA 
proteins together with soluble sugars that contribute to 
the tolerance (Blackman et al . , 1991, 1992). 

In these reported cases of increased water 
stress or salt stress tolerance, a large set of genes has 
been activated in the stressed plant (Skriver and Mundy, 
1990; Chandler and Robertson, 1994). The LEA protein(s) 
are the product of just one of these gene(s), and many 
other proteins are also correlated with the increased 
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water stress or salt stress tolerance (i.e. levels of 
these other proteins also increase in response to water 
stress or salt stress) . Therefore, although a correlation 
exists between LEA proteins and increased water stress or 
5 salt stress tolerance, no evidence exists that any of the 
particular activated genes (including the LEA genes) can 
confer water stress or salt stress tolerance upon a plant . 
Accordingly, identification of appropriate genes for use 
in genetic engineering of plants to increase water stress 
10 or salt stress tolerance has not been attained. 

A need exists, therefore, for the 
identification of a gene encoding a protein that can 
confer water stress or salt stress tolerance on a plant 
transformed with the gene. Such a water stress or salt 
15 stress tolerant plant can find many uses, particularly in 
agriculture and particularly in regard to cereal plants 
which are a major crop plant. 
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SUMMARY OF INVENTION 

To this end, the subject invention provides a 
method of producing a cereal plant cell or protoplast 
useful for regeneration of a water stress or salt stress 
tolerant cereal plant by transforming a cereal plant cell 
or protoplast with a nucleic acid encoding a late 
25 embryogenes is abundant protein. 

The invention 'further provides a cereal plant 
cell or protoplast transformed with a nucleic acid 
encoding a late embryogenes is abundant protein that 
confers water stress or salt stress tolerance on a cereal 
plant regenerated from- the cereal plane cell or 
protoplast, as well "as a transgenic cereal plant 
transformed with a. nucleic acid encoding a- late 
embryogenes is abundant protein- that confers water stress 
or salt stress tolerance to the plant . 
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The invention also provides seed produced by 
the transgenic cereal plants according to the subject 
invention, and seed which, upon germination, produces the 
transgenic cereal plants of the subject invention. 
5 The invention additionally provides a method of 

increasing tolerance of a cereal plant to water stress or 
salt stress conditions. The method comprises increasing 
levels of a late embryogenesis abundant protein in the 
cereal plant. This can be accomplished by introducing a 
10 promoter and a nucleic acid encoding a late embryogenesis 
abundant protein (LEA) by transforming the cereal plant. 

More particularly, an LEA protein gene, HVA1, 
from barley {Hordeum vulgare L.) was transformed into rice 
(Oryza sativa L.) plants. The resulting transgenic rice 
15 plants constitutively accumulate the HVA1 protein in both 
leaves and roots. Transgenic rice plants showed 
significantly increased tolerance to water stress- - 
( drought ) and salt stress. The increased tolerance was 
reflected by the delayed development of damage symptoms 
2 0 caused by stress and the improved recovery upon the 

removal of the stress conditions. The extent of increased 
stress. tolerance was correlated with the level of . the HVAl 
protein accumulated in the transgenic -rice plants. Thus, 
LEA genes can be used as molecular tools for genetic crop 
25 improvement by conferring^ stress tolerance. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other features and advantages of this 
invention will be evident from the. following detailed 
30 description of preferred embodiments when read in 
conjunction with the accompanying drawing in which: 

Fig. 1 shows the structure of the plasmid 
PBY520 for expression of HVAl in transgenic rice. Only 
common restriction endonuclease sites are indicated and 
3 5 those sites used for DNA digestion in DNA blot 
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hybridization are marked with a filled square. The DNA 
fragment -used as a probe in DNA blot hybridization is also 
indicated. 

5 DETAILED DESCRIPTION 

The. invention provides a method of producing a 
cereal plant cell. or protoplast. useful for regeneration of 
a water stress or salt stress tolerant cereal plant by 
transforming a cereal plant cell or protoplast with a 
10 nucleic acid encoding a late embryogenesis abundant 

protein. Once transformation has occurred, the cereal 
plant cell or protoplast can be regenerated to form a 
transgenic cereal plant. 

The invention is. also directed to a method of 
15 increasing tolerance of a cereal. plant to water stress or 
salt stress conditions. The method comprises increasing 
levels of a late embryogenesis abundant protein in the 
cereal plant. This can be accomplished by controlling 
expression of a heterologous late embryogenesis abundant 
20 protein gene with a strong promoter in the cereal plant . 

Cereal which can be transformed in accordance 
with the subject invention are members of the family 
Gramineae (also known as Poaceae) , and include rice (genus 
Oryza) , wheat , corn, barley, oat , sorghum, and millet . 
25 Preferably, the cereal is rice," wheat, or corn, and most 
preferably the cereal is 'rice. Many species of cereals 
can be transformed, and within each species the numerous 
subspecies and varieties can be transformed. For example, 
within' the rice species is subspecies Indica rice {Oryza 
30 sativa. ssp. Indica), which includes the varieties IR36, 
IR64, IR72, Pokkali, Nona Bokra,' KDML105, Suponburi 60, 
Suponburi 90, Basmati 385, ' and Pusa Basmati 1. Another 
rice subspecies' is Japonica, which includes Nipponbere, 
' Kenfeng and Tainung 67. Examples of suitable maize 
35 varieties include A188, B73, VA22, L6 , L9 ; Kl, 509, 5922, 



WO 97/13843 



- 9 - 



PCT/US96/16181 



10 



4 82, HNP, and IGES . Examples of suitable wheat varieties 
include Pavon, Anza, Chris, Coker 983, FLA301, FLA302, 
Fremont and Hunter. 

Having identified the cereal plant of interest, 
plant cells suitable for transformation' include immature 
embryos, calli, suspension cells, and protoplasts. It is 
particularly preferred to use suspension cells and 
immature embryos . 

These cereal plant cells are transformed with a 
nucleic acid, which could be RNA or DNA and which is 
preferably cDNA , encoding a late embryogenesis abundant 
protein (LEA protein) . The nucleic acid can be 
biologically isolated or synthetic. In the following 
Examples, the LEA protein is encoded by the HVA1 gene of 
L5 barley, having the nucleotide and amino acid sequences as 
disclosed in Straub et al . (1994). However, other LEA 

,- .- • 9ene ? . can als °, ke utilized, particularly, other LEA genes 

belonging to group 3. These other group 3 LEA genes 
include cotton D-7 and D-29 (Baker et al . , 1988; Dure et 
0 al. , 1981), Brassica pLEA76 (Harada et al . , 1989), carrot 
Dc8 and Dc3 (Franz et al . , 1989; Seffens et al . , 1990), 
soybean pmGM2 (Hsing et al . , 1992), and wheat pMA2005 and 
PMA1949 (Curry et al . , 1991; Curry and Walker-Simmons, 
1991) . The published nucleotide arid amino acid sequences 
5 of each of these LEA prote jus are hereby incorporated by 
reference. Each of these sequences can be used as the 
nucleic acid encoding an LEA protein to transform a 
suitable cereal plant according to the subject invention. 
Other LEA genes of group 2 or group 1 can also be used. 
0 Various LEA genes are disclosed in Dure (1992) . 

Transformation of plant cells can be 
accomplished by using a plasmid. . The plasmid is used to 
introduce the nucleic acid encoding the LEA protein into 
the plant cell. Accordingly, a plasmid preferably 
5 includes DNA encoding the LEA protein inserted into a 
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unique restriction endonuc lease cleavage site . 
Heterologous DNA, as used herein, refers to DNA not 
normally present in the particular host cell transformed 
by the plasmid. DNA- is inserted into the vector using 
5 standard cloning procedures readily known in the art . 

This generally involves the use of restriction enzymes and 
DNA ligases;. as described by Sambrook et al . , Molecular 
.Cloning: A Laboratory . Manual , 2d edit ion,.. Gold Spring 
Harbor. Laboratory Press, Cold Spring Harbor, New York 
10 [1989]. The resulting plasmid which includes nucleic acid 
encoding an LEA protein. can then be used to transform a 
host cell, such as an Agrobac cerium and/or a plant cell. 
(See generally, Plant ■ Molecular. Biology Manual, 2nd 
Edition, Gelvin, S.B. and . Schilperoort , R. A., Eds'., 
15 Kluwer Academic Press, Dordrecht, Netherlands. (1994) ..) 

For plant transformation, the plasmid 
preferably also includes a selectable marker for plant 
transformation. Commonly used plant selectable markers 
include the hygromycin phosphotransferase (hpt) gene, the 
20 phosphinothricin acetyl transferase gene, (bar), the 5- 
enolpyruvylshikimate- 3 -phosphate synthase (EPSPS) , 
neomycin 3 ' -O-phosphotransf erase {npt II), or acetolactate 

synthase (ALS) . 

The plasmid preferably also includes suitable 
25 promoters for expression of the 'nucleic acid encoding the 
LEA protein and for expression of the marker gene. The 
cauliflower mosaic virus 35S promoter is commonly used for 
plant transformation, as well as the rice actin 1 gene 
promoter. In plasmid pBY520 used in the following 
examples, the nucleic acid encoding the LEA protein is 
under the control of the constitutive rice, actin 1 gene 
promoter and the marker gene (bar) is under control of the 
cauliflower mosaic virus 355 promoter.^ Other promoters 
useful for plant transformation with the LEA gene include 
those from the genes encoding ubiquitin and proteinase 
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inhibitor II (PINII) , as well as stress-induced promoters 
(such as the HVA1 gene promoter of barley) . 

The plasmid designated pBY520 has been 
deposited in Escherichia coli strain pBY520/DH5a pursuant 
5 to, and in satisfaction of, the requirements of the 

Budapest Treaty on the International Recognition of the 
Deposit of Microorganisms for the Purposes of Patent 
Procedure, with the American Type Culture Collection 
(ATCC), 12301 Parklawn' Drive, Rockvi-lle, Maryland 20852 
10 under ATCC Accession No. 6993 0 on October 12, 1995. 

For plant transformation, the plasmid also 
preferably includes a nucleic acid molecule encoding a 3' 
terminator such as that from the 3' non-coding region of 
genes encoding a proteinase inhibitor, actin, or nopaline 
15 synthase (nos) . 

Other suitable plasmids for use in the subject 
invention can be constructed. For example, LEA gene s^ 
other than the HVA1 gene of barley could be ligated into 
plasmid pBY520 after use of restriction enzymes to remove 
20 the HVA1 gene. Other promoters could replace the actin 1 
gene promoter present in pBY520. Alternatively, other 
plasmids in general containing LEA genes under the control 
of a suitable promoter, with suitable, selectable markers, 
can be readily constructed using techniques well known in 
25. the art . ^ • ' ' 

Having identified the plasmid, one technique of 
transforming cereal plant cells with a gene which encodes 
for an LEA protein is by contacting the plant cell with an 
inoculum of a bacteria transformed with the plasmid 
3 0 comprising the gene that encodes for the LEA protein. 

Generally, this procedure involves inoculating the plant 
cells with a suspension of the transformed bacteria and 
incubating the cells for 48 to 72 hours on regeneration 
medium without antibiotics at 25-28°C. 
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■ Bacteria from the genus Agrobacterium can be 
utilized. to transform plant cells. Suitable species 
include Agrobacterium tumefaciens and Agrobacterium 
rhizogenes . Agrobacterium tumefaciens (e.g. , strains 
5 LBA4404 or EHA105) is particularly useful, due to its, well- 
known ability to transform plants. 

In inoculating the cells of cereal plants with 
Agrobacterium according to the subject, invent ion, the 
bacteria must be transformed with a vector which includes 
10 a gene encoding for an LEA protein. 

Plasmids, suitable for incorporation in 
Agrobacterium, which include a gene encoding for an LEA 
protein, contain an origin of replication for replication 
in the bacterium Escherichia coli t . an origin of 
15 replication for replication in the bacterium Ag.rojbacteriLim 
tumefaciens; T-DNA right border sequences for transfer of 
genes to plants, and marker genes for selection of 
transformed plant cells. Particularly preferred is the 
'vector pBI121 which contains a low- copy RK2 origin of 
20 replication, the neomycin phosphotransferase (nptll ) 

marker gene with a nopaline synthase (NOS) promoter and a 
NOS 3' polyadenylation signal. T-DNA plasmid vector 
pBI121 is available from Clonetech Laboratories, Inc., 
403 0 Fabian Way, Palo Alto, California 94303. A gene 
25 encoding for an LEA protein is "inserted into the Vector to 
replace the beta-glucuronidase (GUS) gene. 

Typically, Agrobacterium spp. are transformed 
with a plasmid by direct uptake of plasmid DNA after 
chemical and heat treatment, as described by Holsters et 
30' al. (1978); by direct uptake of plasmid DNA after 

electroporatioh, as described by S. Wen-jun and B. Forde, 
(1989); by triparental "conjugational transfer of plasmids 
from Escherichia coli' to Agrobacterium mediated by a Tra+ 
help strain as ' described by Ditta et al . (1981); or by 
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direct conjugat ional transfer from Escherichia coli to 
Agrobacterium as described by Simon et al . (1982) . 

Another method for introduction of a plasmid 
containing nucleic acid encoding an LEA protein into a 
5 plant cell is by transformation of the "plant cell nucleus, 
such as by particle bombardment. As used throughout this 
application, particle bombardment (also know as biolistic 
transformation) of the host cell can be accomplished in 
one of several ways. The first involves propelling inert 
10 or biologically active particles at cells. This technique 
is disclosed in U.S. Patent Nos . 4,945,050, 5,036,006, and 
5,100,792, all to Sanford et al.-, which are hereby 
incorporated by reference. Generally, this procedure 
involves propelling inert or biologically active particles 
15 at the cells under conditions effective to penetrate the " 
outer surface of the cell and to be incorporated within 
the_interior thereof. When inert particles are. -utilized," 
the plasmid can be introduced into the cell by coating the 
particles with the plasmid containing the heterologous 
20 DNA. Alternatively, the target cell can be surrounded by" 
the plasmid so that the plasmid is carried into the cell 
by the wake of . the particle. Biologically active 
particles (e.g., dried bacterial cells containing the 
plasmid and heterologous DNA) can also be propelled into 
25' plant cells. • . • ** 

A further method for introduction of the 
plasmid into a plant cell is by transformation of plant 
cell protoplasts (stable or transient) . . Plant protoplasts 
are enclosed only by a plasma membrane and will therefore 

3 0 take up macromolecules like heterologous DNA. These 
engineered protoplasts can be capable of regenerating 
whole plants. Suitable methods for introducing 
heterologous DNA into plant cell protoplasts include 
elect roporat ion and polyethylene glycol (PEG) 

35 transformation. As used throughout this application, 
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electroporation is a transformation method in which, 
generally, a high concentration of plasmid DNA (containing 
heterologous DNA) is added to a suspension of host cell 
protoplasts and the mixture shocked with an electrical 
5 field of 200 to 600 V/cm. Following electroporation, 

transformed cells are identified by growth on appropriate 
medium containing a selective agent . 

As used throughout this application, 
transformation encompasses stable transformation- in which 
10 the plasmid is integrated into the plant chromosomes. 

In the Examples which follow, rice has been 

transformed using biolistic transformation. Other methods 
of transformation have' also been used :o successfully 
transform rice plants, including the protoplast method 
15 (for a review,' see Cao et a 1 . , 1992)/ and the 

Agrobacterixm method (Hiei et al . . 1994). Biolistic 
transformation has also been used to successfully 
transform maize (for a review, " see Mackey et al . , 199.3) 
and wheat (see U.S. Patent No. 5,405,765 to-Vasil et al . ) . 
20 once a cereal plant cell or protoplast is 

transformed in accordance with the present invention, it 
is regenerated to form a transgenic cereal plant . 
Generally, regeneration is accomplished by culturing 
transformed cells or protoplasts on -medium containing the 
25 appropriate , growth regulators, and nutrients to allow f or 
the' initiation of shoot mer'istems .-' Appropriate- 
" antibiotics are added to the regeneration medium to 

inhibit the growth of Agrobacterium or other contaminants 
and to select for the development of transformed cells or 
30- protoplasts. Following shoot initiation, shoots are 

allowed to develop in tissue culture and are screened for 
marker' gene activity. 

- : -\ * In suitable transformation methods, the cereal 
plant-cell to be transformed can be in vitro or- .in vivo, 
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i.e. the cereal plant cell can be located in a cereal 
plant . 

The invention also provides a transgenic cereal 
plant produced by the method of the subject invention, as 
5 well as seed produced by the transgenic cereal plant. 

The invention further provides a cereal plant 
cell or. protoplast or a transgenic cereal plant 
transformed with a nucleic acid encoding a late 
embryogenesis abundant protein that confers water stress 
10 or salt stress tolerance to the plant generated from the 
cereal plant cell or protoplast or to the transgenic 
cereal plant. As discussed above, various cereal plants 
and LEA genes can be utilized. 

Preferably, the nucleic acid encoding an LEA 
15 protein is controlled by a strong promoter to effect 
maximum expression of the LEA protein, or by a stress- 
induced promoter to effect induction of the promoter in, 
response to stress conditions. In one embodiment, the 
transgenic cereal plant cell or protoplast or plant is 
20 transformed with the nucleic acid encoding the promoter, 
such as the rice act in 1 gene promoter, by providing a 
plasmid which includes DNA encoding the LEA gene and the r 
promoter. 

. . -The transgenic cereal, plant cell or protoplast 
25 or plant can also be transformed with a nucleic acid 
encoding a selectable marker, such as the bar gene, to 
allow for detection of transf ormants , and with a nucleic 
acid encoding the cauliflower mosaic .virus 35S promoter to 
control, expression of the bar gene. Other selectable 
30 markers include genes encoding EPSPS, nptll, or ALS . 

Other promoters include those from genes encoding actin 1, 
ubiquitin, and PINII. These additional nucleic acid 
sequences can also be provided by the plasmid encoding the 
LEA gene and its promoter. Where appropriate, the various 
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nucleic acids could also be provided by transformation 
with multiple plasmids. 

The invention is also directed to a transgenic 
cereal plant regenerated from the transgenic cereal plant 
5 cells or protoplasts, as well as to seed produced by the 
transgenic cereal plants. The invention is also directed 
to seed, which upon germination, produces the transgenic 

cereal "plant. . 

While the nucleotide sequence referred to 
10 herein encodes an LEA protein, nucleotide identity to a 
previously sequenced LEA protein is not required. As 
should be readily apparent ' to those skilled in the art, 
various nucleotide substitutions ' are possible which are 
silent mutations (i.e. the amino acid encoded by the 
15 particular codon does not change) . It is also possible to 
substitute a nucleotide which alters the amino acid 
encoded by a particular codon, where the amino acid 
substituted is a conservative substitution (i.e. amino 
acid "homology" is conserved) .' It is also possible to 
20 have minor nucleotide and/or amino acid additions,' 
deletions, and/or substitutions in the LEA protein 
nucleotide and/or amino acid sequences which have minimal 
. influence on the properties, secondary structure, and 
hydrophilic/hydrophobic nature of the encoded LEA protein. 
25: These variants are encompassed by the nucleic acid 

encoding ah LEA protein according to the subject 

invention. 

Also encompassed by the present invention are 
transgenic cereal plants transformed with fragments of the 

3 0. .nucleic acids encoding, the LEA proteins of the present 

invention. Suitable fragments capable of conferring water 
stress or. salt stress tolerance to cereal plants can be 
constructed. by. using appropriate' restriction sites . A 
fragment refers to a continuous portion of the "LEA 

35 encoding molecule that is less than the entire molecule. 
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Non-essential nucleotides could be placed at 
the 5' and/or 3' end of the fragments (or the full l engch 
LEA molecules) without affecting the functional properties 
of the fragment or molecule (i.e. in increasing water 
= stress or salt stress tolerance). For example, the 

nucleotides encoding the protein may be conjugated to a 
signal (or leader) sequence at the N-terminal end (for 
example) of the protein which co- translationally or post- 
translationally directs transfer of the Drotein The 
0 nucleotide sequence may also be altered so that the 
encoded protein is conjugated to a linker or other 
sequence for ease of synthesis, purification, or 
identification of the protein. 

- Materials and Methods 

Construction of Actl-HVAI Plasmid for Rice Transformation 

A 1.0-kb EcoRI f ragment containing " the f'ull'- 

length HVA1 cDNA was isolated from the cDNA clone pHVAl 

(Hong et al . , 1988), and this fragment was blunted with 

Klenow DNA polymerase and subcloned into the final site of 

the plasmid expression vector pBY505, which is a 

derivative of pBluescriptllKS ( + ) (Stratagene, CA) to 

create pEY520. On pBY520, the HVA1 structural gene is 

regulated by rice actin 1 gene (Actl) promoter . (McElroy et 

al., 1990; Zhang, et al,. 1991) and is between the Actl 

promoter and the potato proteinase inhibitor II g ene 

<P«2> 3' region (Thomburg et al . , 1987). Pi asmid pBy520 

also contains the bacterial phosphinothricin acetyl 

transferase (PAT) structural gene (commonly known as bar 

gene) (white et al . , 19 90) , which serves as the selectable 

marker in rice transformation by conferring resistance to 

phosphinothricin-based herbicides. The bar gene is 

regulated by the cauliflower mosaic virus (CaMV) 35S 

promoter and followed by the nnnaiina ^^^u 

tne nopaime synthase gene (nos) 
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termination signal. Plasmid pBY520 has been deposited 
with the ATCC under Accession No. 69930. 

Production of Transgenic Rice Plants 

5 Calli were induced from immature embryos of 

rice [Oryza sativa L c.v. Nipponbare; available from' the. 
International Rice Research Institute, Los Banos, " 
Philippines) and suspension cultures were established from 
selected embryogenic calli after three months of 

10 subculture in liquid medium. Fine suspension culture 
cells were used as the transformation material and 
bombarded with tungsten particles coated with the pBY520 
plasmid as described by 'Cao et al . ( 19S2 ) '. Resistant 
calli were selected in selection medium containing 6 mg/1 

15 of ammonium glufosinate (Crescent Chemical CO., Hauppauge, 
NY) as the selective agent for 5-7 weeks. The resistant 
calli were transferred to MS (Murashige and Skoog, 1962) 
regeneration medium containing 3 mg/1 of ammonium 
glufosinate to regenerate into plants. Plants regenerated 

20 from the same resistant callus were regarded as clones of 
the same line. Regenerated plants were transferred into 
soil and grown in the greenhouse (32°C day/22°C night, 
with a supplemental photoperiod of 10 h) . 



25 



30 



35 



Herbicide-Resistance Test of. Transgenic Rice Plants 

': The presence of ' the transferred genes in 

Regenerated rice plants was first indicated by- herbicide 
resistance of the plants. For the herbicide-resistance 
test, a water solution containing 0.5% (V/V) commercial 
herbicide BAST A™ (containing 162 g/1 glufosinate ammonium, 
Hoechs't-Roussel 'Agri-Vet Company, Somerville, NJ) and 0.1% 
(V/V) Tween-20 was painted on both sides of a leaf. After 
'one week, the resistant /sensitive phenotype was scored. 
Treated leaves of nontrans formed (NT) plants were severely 
damaged or died, whereas the treated leaves of transgenic 
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plants were not affected or only slightly damaged in the 
treated areas. 

DNA Blot Hybridization Analysis of Transgenic Rice Plants 

5 Integration of the transferred genes (including 

HVA1) into the rice genome of the first generation (R 0 ) 
transgenic rice plants was confirmed by DNA blot 
hybridization analysis using the HVA1 coding region as the 
probe. Genomic DNA was isolated as described by Zhao et 

10 al . (1989).. For DNA blot hybridization analysis, 10 to 
15 ptg of DNA from each sample was digested with 
restriction endonuclease Hindlll , or a combination of 
BcoRI and BanKI , separated on a 1.0% agarose gel,, 
transferred onto a. nylon membrane, and hybridized with "the 

15 32 P-labeled HVA1 probe as shown in Fig. 1. There is a 
single Hindi I I site on the plasmid, thus digestion of 

genomic DNA with Hindi 1 1 releases the_ fusion jEragrn^nt 

containing the HVA1 sequence and rice genomic sequence. 
Digestion with FcoRI and BairiHI releases the 1.0-kb 

2 0 fragment containing the HVA1 cDNA. 

Immunoblot Analysis of HVA1 Protein Production in 
Transgenic Rice Plants 

Protein extracts were prepared by grinding 

2 5 plant tissue in liquid nitrogen and homogenizing in 

extraction buffer containing 50 mM sodium phosphate (pH 
7.0), 10 mM EDTA, 0.1% (V/V) Triton X-100, 0.1% (W/V) 
Sarkosyl, 10 mM 0-mercaptoethanol , and 25 mg/ml 
phenylmethylsulfonyl fluoride. Mature seeds were cut into 

3 0 two halves, and the. embryo-containing half -seeds were 

directly ground into fine powder and homogenized in the 
same extraction buffer. The homogenates were centrifuged 
at 5,000 x g for 5 min at room temperature. The 
supernatants were further clarified by centrif ugation at 
35 12,000 x g for 15 min at 4°C. The protein concentrations 
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were determined based on the method of Bradford (1976) 
using a dye concentrate from BioRad (Hercules,- CA)-. 
Proteins were separated by SDS-PAGE mini -gels transferred 
electrophoretically to PVDF membrane using Mini Trans-Blot 
5 Cells (BioRad) , blocked with 3% (W/V) BSA in TBS 

containing 0.05% (V/V) Triton X-100, incubated- with rabbit 
anti-HVAl antibody, and then incubated with goat anti- 
rabbit ' IgG alkaline phosphatase conjugate (BioRad) . 
Secondary antibody was detected using 4-nitrob-lue-" 

10 tetrazolium chloride (NBT) and 5-bromo-4-chloro-3-indolyl- 
phosphate (BCIP) supplied in an alkaline- phosphatase 
immunoassay kit from BioRad. Immunoreact ion signals on 
the blot filters were scanned using' a -densitometer (Helena 
Laboratories, Beaumont, TX) to quantify the relative 

15 amounts" of the HVAl protein . Partially purified ~ HVA1 

protein was used as the standard to estimate the levels of 
HVA1 protein in transgenic rice tissues. 

Analysis of Growth Performance of Transgenic Plants under 
20 Drought- and Salt-Stress Conditions 

Evaluation of the growth performance under 
drought- and salt-stress conditions was carried out using 
the second generation (RJ plants. These R x plants 
represent a ■ population that include homozygous and 

25 heterozygous transgenic plants land segregated 

nontransgenic plants. Seecis of either wild-type rice - : 
plants or transformation procedure -derived nontransf ormed 
(NT) plants were used as control materials. They are both 
referred to as nontransf ormed control plants throughout 

30 this* specification. 

Seed Germination and 'Seedling Growth in medium • 

Thirty R x seeds from each' of three transgenic 
. rice lines and two nontransf ormed control plants were 
35 surface-sterilized and germinated in the dark at 25°C on 
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three kinds of agarose media: MS, MS+100 mM NaCl , and 
MS+200 mM mannitol. The MS medium contains only its 
mineral salts. Seeds were allowed to germinate in MS+100 
' mM NaCl or MS + 200 mM mannitol for 5 d and subsequently 
5 transferred to MS. medium. To test the response of young 
seedlings to stress conditions, seeds were germinated in 
MS medium for 5 d. The 5-d-old seedlings^were then 
divided,- transferred onto two layers of -Whatman paper in 
deep petri dishes and supplied with liquid MS, MS+100 mM 
10 NaCl, and MS+200 mM mannitol, respectively. Seedlings 

were grown under light at 25°C and their response to the 
stress conditions was monitored for 5 d. 

Growth and Stress Treatments of Plants in Soil 

15. . Refined and sterilized field soil supplemented 

with a composite fertilizer was used to grow rice plants 
in the greenhouse. (32-°C day/22-°C night, with. a. ... 
supplemental photoperiod of 10 h) . This growth condition 
has been routinely used to support normal growth of .r 

20 several rice varieties. Seeds were germinated in MS r 

medium for 7 d, and the 7-d-old seedlings were transferred 
into soil in small pots with holes on the bottom (8 cm x 8 
cm, one plant per pot) . The pots were kept in flat -bottom 
trays containing water. The seedlings were grown for two 

25 additional weeks before they were exposed to stress 
treatments. At this stage, most of the 3-week-old 
seedlings had three leaves, and some seedlings had an 
emerging fourth leaf. Two stress experiments using 
different sets of R x plants from the same R 0 transgenic 

30 line were conducted. In each experiment, 10 transgenic 
plants and at least 10 nontransf ormed control plants were 
used for each treatment. 

(i) Non-stress: The plants were supplied with 
water continuously from the trays. The nontreated plants 

35 were also measured for their growth when the stressed 
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plants were measured. Under this condition, both the 
transgenic plants and the nontransf ormed control plants 
grew well and did not show any significant difference in 
their growth performance during the entire period of 
5 experiments. 

(ii) Water-stress: To start drought stress, 
water was withheld from the trays. the gradual' but rapid 
decrease of water content in the soil' produced a'drought 
situation. After 5 d drought stress, the plants* were re- 

10 supplied with water for 2 d to allow the wilted plants to 
recover. Then, the second round of wa:er stress "was 
carried out . 

(iii) Salt-stress: Short - term severe salt- 
stress in the soil was produced by transferring' the pots 

15 into trays containing 200 mM" NaCl solution for 10 *d. 

Then, the pots were transferred back to trays containing 
tap water to let the plants recover for 10 d. Salt 
concentration in the soil was quickly reduced by' flushing 
the soil in the* pots f rom the top with water and changing 

20 the water in the trays for several times during the first 
2d. A second round of salt stress was imposed" after 10 d 
of recovery by supplying the plants With 5 0 mM NaCl 
solution for 30 d. 

25 Data Collection arid Statistical "Analysis of " Growth 

Performance ^ " 

Before starting' stress treatments; each 
nontransf ormed control plant arid transgenic plant was 
measured "for" its initial height, leaf number and length. 

30 During and after stress' treatments', each "plant was also 

measured". "For "statistical' analysis", the mean value of the 
10 tested plants in each treatment* was calculated" and used 
for comparing the transgenic plants ' with the "~ 
nontransf ormed control" plants'. " * ; 
"35 " ~ ■ - . : . 
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Example 1 

Production and Molecular Analysis of Transgenic Rice 
Plants 

The structure of the plasmid pBY520 is shown in 
5 Figure 1. The cDNA of the barley LEA gene, HVA1, is 
located downstream of the rice actin 1 gene (Actl) 
promoter. The coding region of the bacterial 
phosphinothricin acetyl transferase gene (bar) is located 
downstream of the cauliflower mosaic virus (CaMV) 35S 
10 promoter. Rice suspension cells, which were supported by 
filter papers and precultured in solid medium, were 
bombarded by tungsten particles coated with the plasmid 
DNA pBY520. Results of three transformation experiments 
are summarized in Table I. Thirty-three plates of 
15 suspension cells were bombarded in these transformation " 
experiments. Two hundred ammonium gluf osinate-resistant" 
calli were selected and transferred onto regeneration 
medium. Sixty-three independent lines of plants (120 "~ 
plants) were regenerated and grown in the greenhouse. As 
20 shown in. Table I, more than 85% of the transgenic plants^ 
are fertile, producing various numbers of seeds.. The 
sterility of some transgenic lines appeared unrelated to" 
the presence of the foreign genes, since similar 
percentages of sterile plants were detained in parallel 
25 experiments where the suspension cells were bombarded 

without plasmid DNA or with several other gene constructs. 

Phosphinothricin acetyl transferase encoded by 
the bar gene can detoxify phosphinothricin-based 
herbicides. Twenty-nine lines of plants were first tested 
30 for herbicide resistance. When painted with 0.5% 

commercial herbicide BAST A™ , leaves of transgenic plants 
showed complete resistance, whereas the leaves of 
■ nontransf ormed plants turned yellow and died. Among 2 9 
lines of plants that were tested for herbicide resistance, 
35 90% of them were resistant. The same 29 lines were 
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further analyzed by DNA blot hybridization using the HVA1 
cDNA fragment as probe , and 80% " of ' them showed the 
predicted hybridization band pattern . 

Digestion of plasmid pBY520 or genomic DNA from 
5 transgenic rice plants releases the 1 . 0-kb fragment 
"containing the HVA1 coding region. Among "29 lines 
analyzed, 23 of them contained the expected 1 . 0 -kb 
hybridization band.' The hybridization' patterns of all 
'transgenic plants are unique except the ' predicted : 1 . 0-kb 
10 hybridization band, suggesting that these transgenic lines 
were from independent transformation events . Results of 
DNA blot hybridization are generally consistent with those 
of herbicide resistance test, therefore both the 
selectable marker gene and the HVA1 gene oh the same 
15 plasmid were efficiently co-integrated into the rice 
genome. The use of a plasmid containing both the 
selectable gene and the HVA1 gene in conjunction with the 
tight selection procedure contributed to the high 
efficiency of ' regenerating transgenic plants." 

2 0 - ■ ' " 

Example 2 

Analysis of Accumulation of HVA1 Protein in R 0 Transgenic 
Rice Plants 

- • The accumulation of HVA1 protein in a number of 
25 first generation (R 0 ) transgenic lines , which were -selected 
based on the DNA blot -hybridization data/ was analyzed: 
* ' Protein extracts were prepared from both leaf" and- root 
tissues. The HVA1 protein was detected by a polyclonal 
antibody raised against purified barley HVA1 protein. A 
30 single band of 27 kD in SDS-PAGE gel, which corresponds to 
the HVA1 protein/' was detected in the leaf tissue of 
different transgenic lines. Accumulation of HVA1* protein 
was -also readily detected in* roots, although the levels 
were relatively low compared* with the levels- in^ the leaf 
35 tissues. ^The relative* levels of accumulation of the HVA1 
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protein in roots correspond to those in leaf tissue among 
different transgenic lir.es. Protein extracts of 
nontransformed plants did not show the 27-kD protein band, 
and there were no additional bands of other sizes detected 
5 in the protein extracts of the transgenic plants or the 
nontransf ormed plants. Using a partially purified HVA1 
protein preparation as standard, the levels of HVA1 
protein accumulated in the leaf and root tissues of 
different transgenic lines were estimated to be in the 
10 range of 0.3-2.5% of the total soluble proteins 
(Table .II) 

To detect HVA1 protein accumulation in mature 
transgenic rice seeds, especially in the embryos, protein 
extracts were also prepared from embryo-containing half- 
15 seeds and analyzed by immunoblot . The 27-kD band 

corresponding to the KVA1 protein was not detected in the 
protein extracts of mature transgenic seeds. However, two 
strong bands with lower molecular mass, 20 kD and 13 kD ^ 
respectively, were detected. Since a high-level mRNA 
2 0 transcript highly homologous to the barley HVA1 gene has 
already been detected in mature rice seeds in a previous 
study (Hong et al . , 1992), these two proteins may 
represent endogenous rice LEA or LEA- like proteins 
accumulated during the late stage of' seed development. 
25 The lack, of HVA1 protein accumulation in mature transgenic 
rice seeds may be. due to. 'the low (or lack of) activity of 
the Act! promoter after seeds start to desiccate. 

Example 3 

Increased Tolerance to Drought- and Salt-Stress of 
Transgenic Rice Plants 

Results described above demonstrated that 
expression of the barley, HVA1 gene regulated by the strong 
rice ActI- promoter leads to high-level accumulation of the 
HVA1 protein .in vegetative tissues of transgenic rice 
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plants. Most of the primary transgenic rice plants 
appeared morphologically normal compared with 
transformation procedure-derived nontransf ormed plants or 
wild-type plants. As described earlier, most plants are 
5 fertile. Taken together, these results suggest that 
accumulation of HVA1 protein does not have detrimental 
effects' on the growth and development of rice plants. 

To determine whether the high-level 
accumulation of the HVA1 protein would have any' beneficial 

10 effect on the growth performance of transgenic rice plants 
under stress conditions, evaluation of the growth 
performance under water- and salt -stress conditions was 
carried out using the second generaticr. (RJ plants. Seeds 
of wild-type rice plants or seeds of transformation 

15 procedure-derived nontransf ormed plants were used as 
controls . 

Seed Germination and Seedling Growth in Medium under 
Osmotic and Salt Stress Conditions 

20 In MS medium, seeds from both transgenic and 

control plants germinated well, and no difference was 
observed in. their seedling growth. In MS+100 mM NaCl or 
MS+200 mM mannitol, both transgenic seeds and control 
seeds germinated slowly (2d delay for emergence of the 

25 shoot and root), but no difference was observed^ between 

transgenic and control se^s : After 5 d in the two stress 
media, the germinating seeds (with 0.2-0.5 cm long shoot) 
were transferred onto MS medium. Both transgenic and 
control seedlings recovered and resumed normal growth. 

30 However, transgenic seedlings grew faster during this 
recovery period/ and the shoots of transgenic seedlings 
were significantly longer than those of the control 
seedlings after one week. Transgenic seedlings also had 1 
to 3 more adventitious roots than the- control seedlings . 
35 No significant difference was observed between 
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nontransf ormed control plants and transgenic plants when 
seeds were germinated and grown continuously in MS medium 
(Table III) . 

Five-day-old seedlings from seeds germinated in 
5 MS medium were tested for their response to salt-stress. 
Both the transgenic and control seedlings were very 
sensitive to salt stress. In MS+100 tnM NaCl , the 
seedlings gradually wilted within one week. However, the 
wilting of transgenic seedlings was delayed compared to 
10 the control seedlings. During the first three days in 
MS+100 mM NaCl/ more than half of the control seedlings 
became wilted, but only a very few transgenic seedlings 
became wilted. 

15 Growth Performance of Transgenic Plants in Soil under 
Water-Stress (Drought) Conditions 

• • The- above experiments showed that transgenic... . 
plants and control plants respond to stress treatments 
differently. Extensive stress experiments were conducted 

20 using 3-week-old plants grown in the soil. Under constant 
nonstress condition in soil, no significant differences 
were observed between transgenic plants and control plants 
in their growth performance during the entire period of 
the* experiment . * 

25 Upon withholding water from the trays, the 

gradual but rapid decrease of water content in the soil 
created a drought condition. There is a significant 
difference between the transgenic plants and the control 
plants in their response to this drought condition. 

3 0 Leaves at the same developmental stage of the transgenic 
plants became wilted about 1 to 2 d later than that of the 
control plants. After 4 to 5 d of drought stress, leaves 
of both control and transgenic plants became wilted, but 
wilting of transgenic plants was considerably less severe . 

3 5 The difference between transgenic and control plants in 
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response to water deficit was also reflected in their 
growth rate ■ of young leaves (increase of leaf length) 
during the first 3 d of drought stress. Drought stress 
inhibited the growth of the young leaves of control plants 
5 as well as transgenic plants. However, transgenic plants 
maintained t higher growth rate than control plants 
(Table IV) . After the drought-stressed plants were 
rewatered, the' transgenic plants showed better recovery 
and resumed faster growth than the control plants.. 

10 Transgenic plants are less damaged by the drought stress 
and look much' healthier , whereas old leaves and tips of 
young leaves of nontransf ormed plants (NT) showed" poor 
recovery and gradually died. 

Data in Table IV show the average plant height 

15 and root fresh weight of the stressed plants after four 

cycles of 5-d drought stress followed by 2-d recovery with 
watering. In summary, transgenic plants showed 
significant advantages over control plants in their growth 
performance under drought-stress conditions. The growth 

20 advantage was particularly evident in the growth of roots. 

Growth Performance of Transgenic Plants in Soil under Salt 
Stress Conditions 

Severe salt stress (200 mMNaCl) significantly 

25 inhibited the growth of both transgenic and control 
plants, although the plants did not become wilted as 
quickly as those plants under drought stress. However, 
transgenic plants maintained much higher growth rate than 
the control plants at early stage (d 0 to d 5) of salt- 

3 0 stress (Table V) . Early symptoms of damage due to salt- 
stress, such as wilting, bleaching, and death of leaf 
tips, occurred first in old leaves. Leaves at the bottom 
of a plant became wilted or died first. At the later 
stage, the young leaves developed necrosis symptoms and 

35 started to wilt and dry from the leaf tips. Again, 
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appearance and development: of these symptoms occurred much 
more slowly in transgenic plants than in control plants. 
When the two leaves at the bottom of most control plants 
became wilted, the first leaf at the bottom of most 
transgenic plants showed only slight wilting. Wilting of 
young leaves of transgenic plants was always less severe 
compared with the control plants. Upon removal of the 
salt stress, transgenic plants showed much better recovery 
than the nontrans formed control plants. Data in Table V 
also show the average shoot height and root fresh weight 
of the stressed plants 30 d after the initial salt-stress 
treatment. Again, transgenic plants showed significantly 
better performance than the control plants under extended 
stress condition. Under continuous severe salt stress, 
most of the nontransf ormed plants gradually died, whereas 
most transgenic plants survived a much longer time. 

" Example 4 

Analysis of Accumulation of HVA1 Protein in R a Transgenic 
20 Rice Plants 

HVA1 protein accumulation was analyzed in R, 
plants from two R 0 transgenic lines at the end of the 
stress experiment . Eight R x plants from each R 0 transgenic 
lines were analyzed. In each, line, HVA1 protein was not 

25 detected in two out of eight. R x plants, and this is due to 
the segregation of the transferred gene in these second- 
generation plants. Those R x plants that lacked HVA1 
protein accumulation were severely inhibited and damaged 
by the stress treatments. These plants showed poor 

30 recovery after the first period of salt stress and 

gradually died under continuous stress condition. HVAl 
protein accumulation was detected in all the surviving R 2 
transgenic plants that showed tolerance to stress. 



10 



BNSOOCID: <WO 9713843A1> 



WO 97/13S43 



PCT/US96/16181 



- 3C - 





Although prefer 


red embodimen 


ts have been 






depicted and 


described in 


detail - herein 


, -it will-be 






apparent to t 


hose skilled 


in the relevant art that various 


modifications 


, additions , 


substitutions 


and the like 


can 




be made without departing 


fror. the spir 


it of the invention 




and these are 


therefore considered ~z b 


e within the 


scope 




of the invent 


ion as define 


d in. the tlai 


t,s : which fellow. 


2 C 


Table i. Summary cf trans: 


forma tic- e.vr t \ 


/imenns 








No. of 


K:.. r: 









Trans i rrtrie - 


Plates cf 




... 






::or 


Cells 




( Plants 


Fertile - 




Experiment 


Bombarded 


Se 1 e ct e - 


Regenerated 


. Lines (V 


15 


1 


8 


1C"? 


27 (67) 






2 


15 


69 


15 (27) 






3 


1° 


24 


22 (26) 






Total ' 


33 


' 20C 


63 f!20; 


54 (B6- 



20 
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Table II. Eszimated levels cf prozein arrurvjJarion in 
different transgenic lines ^ 


Transgenic Line (R c ) 


Level cf HVAl Protein Accumulation 
{ % cf Total Soluble Proteins) 


Leaf 


Root 


NT 


C 


0 


3 


1 . 00 


ND 


13 


: .75 


ND 


! 18 

i 


Z . 5C 


NO 


; ir 1 : c : ! : . 3 c ; 

1 ' ' 


30 


; . so 


C.30 




1.50 


1.00 

• -v 


38 


0 . 80 


0.6 0 


41 


- . 00 


.0.70 


€1 


: . 75 


ND 


J i:r . n:: determined . 
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Table III. Seed aeminazioa and growzh cf younr sescizrcs -r. medzurr 
under osmotic szress or sal: szress 


Transgenic -Line 


Length cf Shoct (cm) 


* * " " MS 


'MS+manniccl 


KS*NaCl 


■ NT 


7 . 5 r C .2 


4.2*0.2 (100) 


- 2 . 7 r C ; . 2 ( ICC . 


30 


,7.3*G.2 


5 .2*0 . 2 . (1243 


2 . 5 = C . 2 (13 0) 


36 


7 . 4*0 . 2 


£ . l z Z . 2 - (145* 


4 . S r 2 . 2 < 1 S L . 


41 


7.7*0.2 


E.? r :.2 (14C- h 4.c r :,: -:i4r 


Data were ccllerced 12 -z a::-:: see; ?er-:r.i;;:r.: = :r. 
stress mediur. (MS«r2Cl mK manr.icol" cr MS- 1 CO Nazi -arid ~*c in 
nonstress meciurr. (MS 1 . Each value*SZ represents the average cf 10 
seedlings. Fcr nonscress control , seeds were germinated and grown 
continuously in MS medium for 12 d. Numbers in parentheses are the 
percentage of shoct length of transgenic seedlings compared to 
control seedlings which was taken as 100. 
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Table IV. Crowz 


h performance cf zransge 


rice planzs in soil 


under water -szress (drought ) cond: 


1 tion 








Leaf Growth 










Rate (% Length 


?lar 


Height " 


Root Fresh W: * 


Transgenic Line 


Increase) " 




« Wit.' 




NT 


69 


22 z : 


..4 (100; 


o.9±o.i (ioo; 


30 


90 


25=: 


..: :i32) 


1.4*0. I ( 15£ ; 


3d 


. 129 


3 ~ z - 


:i6B) 


2.1*0.1 : 2 3 3 : 


*x 1 


11 j 


33rl.r :i50 


2 . 3 2 0 . I' (2 5r 




lengths c f the t w 


c uppe: 


• -eaves were measured 


before and 3 d a 


fter withholding water f 


rcr. the trays . Growth rate 


was calculated as percentage length ir.rr 


ease cf the 


two leaves - r 


during the 3-d period cf drought stress. 






Data 


were collected at 28 d 


after the beginning of z 


initial water stress (four cycles 


of" S - d 


drought st 


ress followed -by 


2-d recovery witJ 


h watering; . The 


mean 1 


ength cf th 


e two longest 


leaves cn the top of the plants was used 


as a measure cf the plant 


height . Each vaiue±SZ represents 


the av 


eraoe cf 10 


plants excep: 


for roc: fresh weight which is the 


avers 


ge cf four plants. Numbers 


in parentheses a 


re the percentage 


cf ::* = 


nsgemc plants ccrr.pared ::• 


centre 1 plants, w; 


tich was taner; as 


10C . 
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Table V. Grovzh performance cf transgenic 


rice plants in 


scil under 


sal z-szress 


condi tion ' 








Transgenic 


Leaf Growth 




Root Fresh 


Number 


. Line 


Rate {% Length 


Plant Height 


W *• i rr *i r 


or 




increase ; 


( em ) c 




surviving 








... ■ . ' 


plants*" 


NT 


76 


19-1-1 :i:: 


1.2-0.1 


0 








: i o o ) 




3 0 


9C 


! 23-: . .i:: 


1.5-C,-1 








i 


; :is8 - 


I ' • ! 
f 


36 


103 


2 5 ± 0 . = (1 = 3 


ND 


e 


41 


115 


26*0 . 8 (1*7 ) 


2 . 6±0 . 1 










(217) 






•The lengths cf 


the two upper 1 


eaves were measured 


before salt 


-stress, and at 


5 d after - Silt - stress condition was 


imposed . G 


rrowth rate was c 


alculated as pe 


r cent age length increase 


cf the two 


leaves during tr: 


e 5-d pence zz 


salt stress . 






"Data were ccllerted at 3: z af 


cer beginning 


cf the 


initial sal 


.--stress (10 d i 


- 2 CI tt.X Nail 


10 d in tap water fcr 


recovery, and 10 d m S2 rJ- 


: Na21 * • Tr.e me 




ne twe 


longest leaves on the top cf the. plants was used as a measure cf the 


plant height/ Each value;- 


;E represents th 


e average cf 10 plants 


except for 


roct fresh weig: 


;t which :s the 


average cf fou 


r plants . 


Numbers in 


parentheses are 


the percentage 


cf transgenic 


plants 


compared t 


o control plants 


which was tar.en 


as 10C. Nr, 


not 


determined 












e Data were coll 


ected from a second stress experiment at 


40 d after 
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s initial salt s 


tress (10 d in 2 0 0 mK 


NaCI, i: d 


in cap water fc 


r recovery, and 


20 d in 5 0 nsM 


NaCI} . Ten 


transgenic 


piarxs from eac 


- transgenic lir 


le and 10 ncntrans formed 


control plants were used. 


Fcr NT, all ten plants died; 


For 


transgenic 


lines 3 5 and 41 


eight out' cf ten plants survived. 
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WHAT IS CLAIMED IS: 



1. A method of producing a cereal plant cell or 
protoplast useful for regeneration of a water stress or 
5 salt stress tolerant cereal plant, said method comprising: 

transforming a cereal plant cell cr protoplast with a 
nucleic acid encoding a late embryogenesis abundant 
protein. 

10 2. The method of claim 1 wherein said cereal plant 

cell or protoplast is derived from a rice plant. 

3. The method of claim 1 wherein said late 
embryogenesis abundant protein is a group 3 late 
15 embryogenesis abundant protein. 



.4. The method of claim 1 wherein said nucleic acid 
encoding a late embryogenesis abundant protein is the HVA1 
gene of barley. 

20 

5. The method of claim 1 wherein said transformation 
comprises: 

propelling particles at said cereal plant cell under 
conditions effective for the particles to penetrate the 
25 cell interior; and 

introducing a plasmicJ comprising the nucleic acid 
encoding the late embryogenesis abundant protein into the 
cell interior. 

3 0 6. The method of claim 5 wherein the plasmid is 

associated with the particles, whereby the plasmid is 
carried into the cell or protoplast interior together with 
the particles. 
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7. The method of claim 5 wherein the plasmid is 
designated pBY520. 

8. The method of claim 1 further comprising 
5 regenerating the transformed cereal plant cell or 

protoplast to form a transgenic cereal plant. 

9. A' transgenic cereal plant produced by the method 
of claim 8 . 

10 " 

10. A seed produced by the transgenic cereal plant 
of claim 9. 

11. A method of increasing tolerance of a cereal 
15 : plant to'water stress or salt stress conditions, said 

method comprising increasing levels of a late 
embryogenesis abundant protein in said cereal plant. 

12. ' A cereal plant cell or protoplast transformed 

2 0 with a nucleic acid encoding a late embryogenesis abundant 

protein that confers water stress or salt stress tolerance 
on a cereal plant regenerated from said cereal plant cell 
or - protoplast . 

25 13. The cereal plant ceil --of claim 12 wherein said 

cereal plant cell or protoplast is derived from a rice 
plant . 

14. The cereal plant cell or protoplast of claim 12 

3 0 wherein the late embryogenesis abundant protein is a group 

3 late embryogenesis abundant protein. 

: : ' : ™'15: ' The cereal plant ceil or protoplast -of claim 12 
wherein said nucleic acid encoding a late embryogenesis 
3 5 abundant protein is the HVA1 gene of barley. 
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16. The cereal plant cell or protoplast of claim 
12 wherein said cereal plant cell or protoplast includes a 
nucleic acid encoding a promoter, wherein expression of 
said nucleic acid encoding said late embryogenesis 

5 abundant protein is controlled by said promoter. 

17. The cereal plant cell or protoplast of claim 16 
wherein said promoter is the rice actin 1 gene promoter. 

10 18. The cereal plant cell or protoplast of claim 12 

wherein said cereal plant cell or protoplast includes a 
nucleic acid encoding a selectable marker. 

19. The cereal plant cell or protoplast of claim 18 
15 wherein said nucleic acid encoding a selectable marker^ is 
the bar gene. 



20. The cereal plant. cell or protoplast of claim. 19 
wherein said cereal plant cell or protoplast includes 3 

20 ' nucleic acid encoding the cauliflower mosaic virus 35S_ 
promoter, wherein expression of said Jbar gene is 
controlled by the cauliflower mosaic virus 35S promoter. 

21. A transgenic cereal plant'regenerated from the 
25 cereal plant cell or protoplast of claim 12. 

22 . A seed produced by the transgenic cereal plant 
of claim 21. 

30 23. A transgenic cereal plant transformed with a 

nucleic acid encoding a late embryogenesis abundant 
protein that confers water, stress or salt stress tolerance 
to the plant . 
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24. The transgenic cereal plant of claim 23 wherein 
said cereal plant is a rice plant. 

25. The transgenic cereal plant of claim 23 wherein 
5 the late embryogenesis abundant protein is a group 3 late 

embryogenesis abundant * protein . ' 

26. The' transgenic cereal plant of claim 23 wherein 
said nucleic acid encoding a late embryogenesis ' abundant 

10 protein is the HVA1 gene of barley. 

27. The transgenic cereal plant of claim 23 wherein 
said transgenic cereal plant includes a nucleic acid 
encoding a promoter, wherein expression of" said nucleic 

15 acid* encoding said late embryogenesis abundant protein is 
controlled by said promoter. 

28. The transgenic cereal plant of claim 27 wherein 
said promoter is the rice actin 1 gene promoter. 

20 

29. The transgenic cereal plant of claim 23 wherein 
said transgenic cereal plant includes a nucleic acid 
encoding a selectable marker. 

25 : 3 0'. The transgenic cereal "plant of claim 2 9 wherein 

skid nucleic' acid encodings a selectable marker is the bar 
gene . 

31. The transgenic cereal plant of claim 30 wherein 
3 0 said transgenic cereal plant includes a nucleic acid 
encoding the cauliflower mosaic virus 35S promoter, 
wherein expression of said bar' gene is controlled by the 
cauliflower mosaic 'virus 3 5S~ promoter . 
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32. A seed produced by the transgenic cereal plant 
of claim 23. 

33. A seed, which upon germination, produces the 
5 transgenic cereal plant of claim 23 . 

34 . A transgenic cereal plant transformed with a 
plasmid that confers water stress or salt stress tolerance 
to the cereal plant, said vector comprising: 

10 first nucleic acid encoding a late embryogenesis 

abundant protein; 

second nucleic acid encoding a promoter, said 
second nucleic acid. located 5' to said first nucleic 
acid and said second nucleic acid controlling 
15 expression of said first nucleic acid; 

third nucleic acid encoding a termination 
. ' signal, said third .nucleic .acid located 3 ' to said^ 

first nucleic acid; . . 

fourth nucleic acid encoding a selectable 
20 marker, said fourth nucleic acid located 3' to said 

third nucleic acid;. 

fifth nucleic acid encoding a promoter, said 
fifth nucleic acid located 5' to said fourth nucleic 
acid and 3' to said third nucleic acid, said fifth 
25 nucleic, acid controlling expression of said fourth 

nucleic acid; and . 

sixth nucleic acid encoding a termination 
signal, said sixth nucleic acid located 3' to said 
fourth nucleic acid. 
30 . . 

35. The transgenic cereal plant of claim 34 wherein 
said plasmid is designated pBY52(K 
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TRANSGENIC CEREAL PLANTS 



This application claims priority of U.S. 
5 Provisional Patent Application No. 60/005,223, filed 
October 12, 1995. 

FIELD OF THE INVENTION 

The present invention relates generally to 
10 transgenic cereal plants, and more particularly to 
transgenic cereal plants which comprise nucleic acid 
encoding a late embryogenesis abundant protein which 
confers water stress or salt stress tolerance on the 
transgenic cereal plants. 

15 

BACKGROUND OF THE INVENTION 

Throughout this application various 
publications are referenced, many in parenthesis. Full 
citations for these publications are provided at the end 

20 _ of the Detailed Description.. The disclosures of these 

publications in their entireties are hereby incorporated 
by reference in this application. 

Environmental stresses, such as drought, 
increased salinity of soil, and extreme temperature,, ar£ 

25 major factors in limiting plant growth and productivity. 
The worldwide loss in yield of three major cereal crops, 
rice, maize (corn) , and wheat due to water stress, 
(drought) has been estimated to be over ten billion 
dollars annually. Breeding of stress- tolerant crop 

30 cultivars represents a promising strategy to tackle these 
problems (Epstein et al . , 1980). However, conventional 
breeding is a slow process for generating crop varieties 
with improved tolerance to stress conditions. Limited 
germplasm resources for stress tolerance and 

35 incompatibility in crosses between distantly related plant 
species are additional problems encountered in 
conventional breeding. Recent progress in plant genetic 
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transformation- .and availability of potentially useful 
genes characterized from, different sources make it 
possible to generate stress-tolerant crops using 
transgenic, approaches (Tarczynski et al . , 1993; Filon- 

Smits et al . , 1995) . ■ 

Characterization and cloning of plant genes 

-hat confer stress tolerance remains a. challenge. Genetic 
studies revealed that tolerance to drought and salinity m 
some crop varieties is principally, due to additive gene 
ef^cts (Akbar et. al . , 1986a, 1986b). : .However, the 
underlying molecular mechanism for the. tolerance has never 
be«n revealed. Physiological and biochemical .responses to 
hich levels of ionic or nonionic solutes and decreased 
water potential have been studied in a variety, of plants. 
Based on accumulated experimental observations and 
theoretical consideration, one suggested mechanism that 
may underlie the adaptation or tolerance of plants to 
osmotic stresses is the accumulation of compatible, low 
molecular weight. osmolytes such as sugar alcohols , special 
a^no acids, and glycinebetaine (Greenway and Munns, 1980; 
Yancey et al . , 1982). Recently, a transgenic study has 
demonstrated that accumulation of the sugar .alcohol 
mannitol in transgenic tobacco conferred protection 
against- salt stress (Tarczynski 7 -et ,1. 1993) ... Two recent 
.studies using a transgenic approach have demonstrated that 
metabolic engineering, of /trhe glycinebetaine . biosynthesis 
pathway is not only possible but also may eventually lead 
to production of stress- tolerant plants (Holmstrom et al . , 
1994; Rathinasabapathi et al., 1994). 

in addition to metabolic changes and 
accumulation of low. molecular weight compounds, a large 
set of genes is transcriptionally activated which leads to 
accumulation of new proteins, in- vegetative tissue of 
plants under osmotic stress conditions. (Skriver and Mundy, 
1990; Chandler and Robertson, 1994) . The expression 
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levels of a number of genes have been reported to be 
correlated with desiccation, salt, or cold tolerance of 
different plant varieties of the same species. It is 
generally assumed that stress- induced proteins might play 
a role in tolerance, but direct evidence is still lacking, 
and the functions of many stress- responsive genes are 
unknown. Elucidating the function of these stress- 
responsive genes will not only advance our understanding 
of plant adaptation and tolerance to environmental 
stresses, but also may provide important information for 
designing new strategies for crop improvement (Chandler 
and Robertson, 1994). 

Late embryogenesis abundant proteins (LEA 
proteins) were first characterized in cotton as a set of 
15 proteins that are highly accumulated in the embryos, at the 
late stage of seed development (Dure et al . , 1981) 
Subsequently, many LEA proteins or their genes have been 
characterized from different plant species (collated .by 
Dure, 1992). Based on their common amino acid sequence 
domains, LEA proteins were classified into three major 
groups (Baker et al . , 1988; Dure et ai . , 1989). A group 2 
LEA protein and its cDNA have been characterized from rice 
(Mundy and Chua, 1988). The four members of . a group 2 LEA 
gene family are tandemiy arranged. in a single locus, and 
are coordinately expressed in- various rice tissues in 
response to ABA, drought',' and salt, stress (Yamaguchi- 
Shinozaki et al . , 1989). However, the functions of these 
LEA proteins are unknown. Recently, both group 2 and 
group 3 LEA proteins have been characterized from Indica 
rice varieties and the accumulation of these LEA proteins 
in response to salt stress were correlated with varietal 
tolerance to salt stress (Moons et al . , 1995). Group 2 
- LEA proteins (dehydrins) containing extensive consensus 
sequence were detected in a wide range of plants, both 
35 monocots and dicots (Close et al . , 1993). A recent study 
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« o tea aene is oresent in many plant 
showed that a group 2 LEA gene - differentially 
. species but the expression of th.s gene 
. regulated in stress sensitive and tolerant specs 

. (DanylUk "^itr.roup 3 LEA protein, HVAl , was 
■ =: . . T - rnm barley aleurone. The HVAl 

. -previously characterizea rrom bar.ey and 
oere is specifically expressed in. the aleurone l y 
gei.t= x» j development, 

che embryos- during late stage of seed de p^ 

, ■ the seed desiccation stage (Hong et a... 

correlating with the_..«a ^ 

-n 1988) Expression of the hvax 9 eiiC r 

' .ed!ings by ABA and several stress conditions 
young seedlings by ab extre me temperature (Hong 

including dehydration, sa;., and extre 

. e t - a 1 . , 1 9 9 2 ) . , Tr * 

HVAl protein belongs to the group 3 LEA 
'•' . th« i"=lude other members such as wheat pKUOOS 
„ proteins that cl ^ Malke r-Simmons , 1993), 

<CUrry l\ Baker et al., 1988). «rrot Dc3 (Seffens et 
cotton D-7 (BaKer et These 

surface with a hydr p ^ gene and 

Dure et al;., 1988. Dure, 

the wheat" pMA2005 gene (Curry et el., 1991. y 

25 walker-Simmons. 1993, are highly ^hese 

nucleotide level and ^^^Z^^on „-7 
C wo. monocot genes are losely relate ^ 

gene (Baker et al.. 1988) ana c sCruc tural gene 

al , 1990) with which they share a similar str 
30 organization (Straub e. : .1^ 199^ ^ ^ 

In many eases ,: the timing 
. ..protein accumulation i- c^.^. «ith th^d 

^.^ P^. - .sot Z*J££% LEA genes 
35 isolated immature , and 
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in vegetative tissues by ABA and various environmental 
stresses, such as drought, salt, and extreme temperature 
(Skriver and Mundy, 1990; Chandler and Robertson, 1994). 

There is, therefore, a correlation between LEA 
5 gene expression or LEA protein accumulation with stress 
tolerance in a number of plants. For example, in severely 
dehydrated wheat seedlings, the accumulation of high 
levels of group 3 LEA proteins was correlated with tissue 
dehydration tolerance (Ried and Walker-Simmons, 1993) . 
10 Studies on several Indica varieties of rice showed that 
the levels of group 2 LEA proteins (also known as 
dehydrins) and group 3 LEA proteins in roots were 
significantly higher in salt- tolerant varieties compared 
with sensitive varieties (Moons et al . , 1995). 

On the other hand, the presence of other LEA 
proteins is not always correlated with stress tolerance. 
For example, comparative studies on wild rice and paddy 
- -r-ice showed -that the intolerance" ^bf" wild "rice ; seeds" to 
dehydration at low temperature is not due to an absence of 
or an inability to synthesize group 2 LEA/dehydrin 
proteins, ABA, or soluble carbohydrates (Bradford and 
Chandler, .1992; Still et al . , 1994). Overproduction of a 
group 2 LEA protein from the resurrection plant 
Cra terostigma in tobacco did not confer tolerance to 
osmotic stress (Iturriaga et.al., 1992). It has been 
found that LEA proteins, are not sufficient to confer 
desiccation tolerance in soybean seeds, and it is the LEA 
proteins together with soluble sugars that contribute to 
the tolerance (Blackman et al . , 1991, 1992). 

In these reported cases of increased water 
stress or salt stress tolerance, a large set of genes has 
been activated in the stressed plant (Skriver and Mundy, 
1990; Chandler and Robertson, 1994). The LEA protein(s) 
are the product of just one of these gene (s) , and many 
other proteins are also correlated with the increased 
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.or salt stress tolerance (i.e. levels of 
water stress or salt st . n response to water 

theEe other *™ ore , al tnough a correlation 

stress or saU stress) . ed „ a ter stress or 

exists between LEA P"«" S ^ C £X15ts that -any of the 

a ^anrp no evidence e*.j.-^ 
5 salt stress tolerance, n LEA genes) can 

. particular activated ^ t 9 olerance upo n a plant, 

confer water stress or sal- s £or use 

accordingly. ^--^r;:: 0 :,:^; L ^crease water stress 

^ st^T o era^'has not been attained. 
10 or salt stress <- .v^-re^o-e , for the. 

A need exists, uhere.o.e, ^ hatca n 
* » aene encoding a protein that can 
identification of a gene . colerance on a plant 

confer, water stress or «U ^ ^ or salt 

, tra nsfor TO ed with ^ uses ,. particularly in 

15 stress tolerant plant can fx ^ plants 

agriculture and particularly an -egar 
which are a major crop plant. 

SUMMARY OF INVENTION 

- i-h* subiect invention provides a 
Plant oei: or protoplast 
n ethod of producing a ce e P ^ ^ scress - 

useful for ^'^^or^ng a cereal plant cell 
tolerant cereal P *nt JW ^ a lace 

or protoplast with a nuclei 

2S embryogenesis abundant provid es .a cereal plant 

The invention f urtner pi . 
Ictlast transformed with a nucleic acid 

— S -^rr«r U cell or 

30 ^^rr^XX as a transgenic oe l plant 

. transformed with a nucleic ' -^Tco-iers „ a « r stress 

e^ryogenesis abundant P""^^ . .1. 
or salt stress tolerance to the plant 
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The invention also provides seed produced by 
the transgenic cereal plants according to the subject 
invention, and seed which, upon germination, produces the 
transgenic cereal plants of the subject invention. 
5 The invention additionally provides a method of 

increasing tolerance of a cereal plant to water stress or 
salt stress conditions. The method comprises increasing 
levels of a late embryogenesis abundant protein in the 
cereal plant. This can be accomplished by introducing a 
10 promoter and a nucleic acid encoding a late embryogenesis 
abundant protein (LEA) by transforming the cereal plant . 

More particularly, an LEA protein gene, HVAl , 
from barley (Hordetm vulgare L.) was transformed into rice 
(Oryza sativa L.) plants. The resulting transgenic rice 
15 plants constitutively accumulate the HVAl protein in both 
leaves and roots. Transgenic rice plants- showed 
significantly increased tolerance to water stress 
(drought) and salt stress. The increased tolerance was 
reflected by the delayed development of damage symptoms 
20 caused by stress and the improved recovery upon the 

removal of the stress conditions. The extent of increased 
stress tolerance was correlated with the level of the HVAl 
protein accumulated in the transgenic rice plants. Thus, 
LEA genes can be used as molecular, tools for genetic crop 
25 improvement by conferring stress tolerance. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other features and advantages of this 
invention will be evident from the' following detailed 
3 0 description of preferred embodiments when read in 
conjunction with the accompanying drawing in which: 

Fig. 1 shows the structure of the plasmid 
pBY520 for expression of HVAl in transgenic rice. Only 
common restriction endonuclease sites are indicated and 
35 those sites used for DNA digestion in DNA blot 



BNSDOC1D: <WO 9713843A1> 



WO 97/13843 



- 8 - 



PCT/US96/16181 



The DNA 



hybridization are marked with a filled square. . . 
fragment used; as a probe in DNA" blot ; hybridization i. also 
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DETAILED DESCRIPTION 
: - T he invention provides a method of producing a 
cereal plant cell or protoplast useful for regeneration of 
awate- stress or salt stress tolerant cereal plant by 
transforming a cereal plant cell' or protoplast with a 
nucleic acid' encoding a- late embryogenesis abundant _ 
proteir . Once transformation has occurred, the cereal 
plant cell or protoplast can be regenerated to form a 
transgenic cereal plant. . .. . . 

The invention is also' directed to a method of 

increasing tolerance, of a cereal plant to water stress or . 
salt stress conditions. The method comprises increasing 
levels of a late embryogenesis abundant protean in the 
cereal olant. This can be accomplished by controlling 
expression of a. heterologous late embryogenesis abundant 
protein gene with a strong promoter in the. cereal plant. 

cereal which can be transformed in accordance 
with the subject invention are members of the family 
Oramineae. <also known as Poaceae, . and include 
Oryza); "heat. corn. . barley , oat, sorghum, and -xll.t 
Preferably, the cereal is rice, wheat, or corn and m st 
" preferably the cereal is.rfce. Many, species of cereals 
can be transformed, and within each species the numerous 
subsides and varieties can be transformed, Por example, 
within the rice species is subspecies^ndxca rice Oryza 
30 sativa ssp. indica) . which includes the varieties IK36 
XM4 -TR7S. fokk.ll. Nona Bokra, KDML105, Suponbun SO, 
Suponburi-,0, Basmat.i.3SS, and Pusa Basmati 1 -other 
rice subspecies U Japonic., which includes Nipponbere, 
Kenfeng andTainung 67, .Examples of ~x« 
35 varieties include AIM. »73 ; VAM. W. W. ' 
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482, HNP, and IGES. Examples of suitable wheat varieties 
include Pavon, Anza, Chris, Coker 983, FLA301, FLA302, 
Fremont and Hunter. 

Having identified the cereal plant of interest, 
5 plant cells suitable for transformation include immature 
embryos, calli, suspension cells, and protoplasts. it is 
particularly preferred to use suspension cells and 
immature embryos . 

These cereal plant cells are transformed with a 
10 nucleic acid, which could be RNA or DNA and which is 

preferably cDNA, encoding a late embryogenesis abundant 
protein (LEA protein) . The nucleic acid can be 
biologically isolated or synthetic. In the following 
Examples, the LEA protein is encoded by the HVA1 gene of 
15 barley, having the nucleotide and amino acid sequences as 
disclosed in Straub et al . (1994). However, other LEA 
genes can also be utilized, particularly other LEA genes 
- belonging to group 3\ These other group 3 LEA genes 

include cotton D-7 and D-29 (Baker et al . , 1988; Dure et 
20 al., 1981), Brassica pLEA76 (Harada et al., 1989), carrot 
Dc8 and Dc3 (Franz et al . , 1989; Seffens et al . , 1990), 
soybean pmGM2 (Hsing et al . , 1992), and wheat pMA2005 arid 
PMA1949 (Curry et al . , 1991 ; Curry and Walker- Simmons, 
1991). The published nucleotide and amino acid sequences 
of each of these LEA proteins- are hereby incorporated by 
reference. Each of these' sequences can be used as the 
nucleic acid encoding an LEA protein to transform a 
suitable cereal plant according to the subject invention. 
Other LEA genes of group 2 or group 1 can also be used. 
Various LEA genes are disclosed in Dure (1992) . 

Transformation of plant cells can be 
accomplished by using a plasmid. The plasmid is used to 
introduce the nucleic acid encoding the LEA protein into 
the plant cell. Accordingly, a plasmid preferably 
includes DNA encoding the LEA protein inserted into a 
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uniaue restriction endonuclease cleavage site. . . 

He erologous DNA, as used herein, refers to .D.NA no 

Resent in the particular host cell transfor.eo 
• Z plas.id, DNA is inserted into the vector using 
S -ndard cloning procedures ^ and 

This generally ; - £ -.-o^ ^ „ oIecuIar 

r^oratorv -ss Cold^ng = ^ Vor, _ 
m -11989' . The resulting plasmid which inciuc. 
10 119B»*-- " transform a 

encoding an LEA protein can then be usea 
host cell, such as an Ac,robacterium and, or a plant cell 
see generally, m*^.^^^^' 
- Ed itio-n,- Gelvin. S.B, and Schilperoort, *. A ; 
15 Kluwer Academic Press. Dordrecht, Netherlands (1994)., 

For plant transformation, the plasmid 

prefers also indudes a -^.S^LT.^ 
transformation. Commonly used plant 
include the hygromycin, phosphotransferase (hp ) 
20 nhosphinothricin acetyl transferase gene «^ he 

enolpyruvylshikimate-3 -phosphate synthase <»™ ; ^ 
neomycin 3' -O-phosphotransf erase (npt 

synthase (ALS) deludes suitable 

. . - The plasmid preferably ai.so -nciu 

25 promoters for expression of ^the nuclei; : acid encoding the 

protein and for used for 

cauliflower mosaic virus P » t 

plant transformation, as well as the » 

.. ni.smid PBV520 used in the following 
promoter. In plasmid p ^ ^ , £ 

30 examples; the nucleic ac 
• under the -control of the «».t«u«v. *j£ the 

■ - promoter and the marker gene. (bar, i an 

cauliflower mosaic -virus -3 5S promoter OCb. P 
useful for-plant —sf ormatiot-it^ ne W g 
35 those from the genes encoding ubiquitin an p 
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inhibitor II (PINU), as well as stres£ . induced promote ^ s 
(such as the HVA1 gene promoter of barley) . 

The plasmid designated pBY520 has been 
deposited in Escherichia coli strain pBY520/DH5c pursuant 
5 to, and in satisfaction of, the requirements of the 

Budapest Treaty on the International Recognition of the 
Deposit of Microorganisms for the Purooses of Patent 
Procedure, with the American Type Culture Collection 
(ATCC), 12301 Parklawn Drive, Rockvilie, Maryland 20852 
10 under ATCC Accession No. 69930 on October 12, 1995. 

For plant transformation, the plasmid also 
preferably includes a nucleic acid molecule encoding a 3 < 
terminator such as that from the 3' non-coding region of 
genes encoding a proteinase . inhibitor , actin, or nopaline 
15 synthase (nos) . 

Other suitable plasmids for use in the subject 
invention can be constructed. For example, LEA genes 
other ..than the HyAl^t^ie^^ ^iig^-^. - 

20 ^^L^ 520 ° f -miction enzy.es to remove 

20 the HVAl gene. Other promoters could replace the actin 1 
gene promoter present in pBY520. Alternatively, other 
Plasmids in general containing LEA genes . under the control 
of a suitable promoter, with suitable selectable markers 
can be readily constructed using techniques well known in 
25 the art. 

Having identified the plasmid, one technique of 
transforming cereal plant cells with a gene which encodes 
for an LEA protein is by contacting the plant cell with an 
inoculum of a bacteria transformed with the plasmid 
3 0 comprising the gene that encodes for the LEA protein 

Generally, this procedure involves inoculating the plant 
cells with a suspension of the. transformed bacteria and 
incubating the cells for 4ft. t-^ n u~ 

ror 48to 72 hours on regeneration 
medium without antibiotics at 25-2 8 »C. 
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v. ««„i,e AaroJbacteriuni can be 
■ Bacteria from the genus Agro ies 
i r-eils Suitable species 
utilized to transform plant - eel - ^ cei . iunl 
include AgroHacterium 

5 L BA«04 or EHA105) is partrcularly 

known ability to tran ol ce real plants with 
- In inoculating the^cell ^ .^.^ eh . 

Xgrobacterlum according to the 1 ^ wWeh mclud.. 

• -,,ot- be transformed. w_un 
bacteria must ce . 

10 a 9 .n. encoding for an ^f^l ncorpor ation in 

plasmids. .„ eodin9 . for an LEA 

^robacteriu*, which -= lude GaCion for replication 

- Dr oteih, contain an origin of. repli ^ 

"in the 'bacterid «eh«ri^.^ baeter ium Ajrobacteriu* 

cumefaciens; T DNA » 9 £or election of 

g-e, to plants, and «*« » tleul „ ly preferred is the 
transformed plant cell ■ low . co py RK2 origin of 

vector -pBIWl which contains » . j er „. (npt n) 

20 replication, the -^ isl promo ter and a 
marker gene with a nopalme vector • 

pBI121 is available from 94303 . A gene 

4030 Fabian Way, Palo Alto, f " d in „ the vector to 
25 encoding for an, EA protein^ ^ ^ 
- replace the are transformed 

di«« uptake of Plasmid DNA after 
with a plasmid by direct p ibed „y Holsters et 

chemical and heat "eatment. as rfw 
30 .1. by direct uptak -o^ wen . ju ^ b . Forde, 

electroporation, ™ T^**^ transfer of plasmids 
<„,,, , by «^ a " n "\;Xobacterium mediated by a Tra. 
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direct con jugational transfer from Escherichia ccli to 
Agrobacterium as described by Simon er al. {1982} . 

Another method for introduction of a plasmid 
containing nucleic acid encoding an LEA protein into a 
5 plant cell is by transformation of the plant cell nucleus, 
such as by. particle bombardment. As used throughout this 
application, particle bombardment (also know as biolistic 
transformation) of the host cell can be accomplished in 
one of several ways. The first involves propelling inert 
10 or biologically active particles at cells. This technique 
is disclosed in U.S. Patent Nos. 4,945,050, 5,036,006, and 
5,100,792, all to Sanford et al . , which are hereby 
incorporated by reference. Generally, this procedure 
involves propelling inert or biologically active particles 
15 at the cells under conditions effective to penetrate the 
outer surface of the cell and to be incorporated within 
the interior thereof. When inert particles are utilized, 
- -the plasmid- can -be - introduced into the cell by coating the 
particles with the plasmid containing the heterologous 
20 DNA. 'Alternatively, the target cell can be surrounded by 
the "plasmid so that the plasmid is carried into the cell 
by the wake of the particle. - Biologically active 
particles (e.g., dried bacterial cells containing the 
plasmid and heterologous DNA) can -also be propelled into 
25 plant cells. . 

A further metrhod for introduction . of the 
plasmid into a plant cell is by transformation of plant 
cell protoplasts (stable or transient) . Plant protoplasts 
are enclosed only by a plasma membrane and will therefore 
3 0 take up macromolecules like heterologous DNA.. These 
engineered protoplasts can be capable of regenerating 
whole plants. Suitable methods for introducing 
heterologous DNA into plant cell protoplasts include 
electroporation and polyethylene glycol (PEG) 
35 transformation. As used throughout this application, 
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electroporation is a . transformation method in which, 
generally, a high concentration of plasmid DNA (containing 
heterologous DNA) is added to a suspension of host cell 
protoplasts and the mixture shocked with an electrical 
5 field of 200 to 600 V/cm. Following electroporation, 
' transformed cells are. identified by growth on appropriate 
medium containing a selective agent. 

As used throughout this application, 
transformation encompasses stable transformation " in which 
10 the plasmid is integrated into the plant chromosomes. 

In the Examples which follow, rice has been 
transformed using. biolistic transformation. Other methods 
of transformation have also been used to successfully 
transform rice plants, including the protoplast method 
15 (for a review, see Cao et al . , 1992), .and the 

Agrobacterium method (Hiei et al . , 1994). Biolistic 
transformation has also been used to successfully 
transform maize (for a review, see Mackey et al . , 1993) 
and wheat (see U. S Patent No . 5,405,765 to Vasil et al . ) . 

Once a cereal plant cell or protoplast is 
transformed in accordance with the present invention, it 
is regenerated to form a transgenic cereal plant. 
Generally, regeneration is accomplished by culturing 
transformed cells or protoplasts on medium containing the 
25 appropriate growth regulators arid nutrients to allow for 
the initiation of shoot mefist ems. Appropriate 
antibiotics are added to the regeneration medium to 
inhibit the growth of Agrobac cerium or other contaminants 
and to select for the development of transformed cells or 
30 protoplasts. Following shoot initiation, shoots are 

' allowed to develop. in tissue culture and are screened for 

marker gene activity. 
- ' " In suitable. transformation methods, the cereal 

' plant cell, to be transformed can be in. vitro or in vivo. 



20 
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i.e. the* cereal plant cell can be located in a cereal 
plant. 

The invention also provides a transgenic cereal 
plant produced by the method of the subject invention, as 
well as seed produced by the transgenic cereal plant. 

The invention further provides a cereal plant 
cell or protoplast or a transgenic cereal plant - 
transformed with a nucleic acid encoding a late 
embryogenesis abundant protein that confers water stress 
or salt stress tolerance to the plant generated from the 
cereal plant cell or protoplast or to the transgenic 
cereal plant. As discussed above, various cereal plants 
and LEA genes can be utilized. 

Preferably, the nucleic acid encoding an LEA 
15 protein is controlled by a strong promoter to effect 
maximum expression of the LEA protein, or by a stress - 
induced promoter to effect induction of the promoter in 
response to stress conditions. In one embodiment, the 
transgenic cereal plant cell or protoplast or plant is 

2 0 transformed with the nucleic acid encoding the promoter, 

such as the rice act in l gene promoter, by providing a 
plasmid which includes DNA encoding the LEA gene and the' 
promoter . 

The transgenic cereal plant cell or protoplast 
25 or plant can also be transformed with a nucleic acid 
encoding a selectable maiTcer/ such as the bar gene, to 
allow for detection of transf ormants , and with a nucleic 
acid encoding the cauliflower mosaic virus 35S "promoter to 
control -expression of the bar gene. Other selectable 

3 0 markers include genes encoding EPSPS, nptll, or ALS. 

Other promoters include those from, genes encoding actin l, 
ubiquitin, and PINII. These additional nucleic acid 
sequences can also be provided by the plasmid encoding the 
LEA gene and its promoter. Where appropriate, the various 
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• nocli ic acids could also b, provided by transf ormation 
with multiple plasmids^ ^ ^ tV ic 

The invention is aiso . . 

n i,n t reaene-ated from the transgenic cereal plant 
cereal plant regene.ate prod uced by the 

5 cells or protoplasts, as well as. to seeo P d4rected 
• . ^=,1 nlants The invention is also a.reoL. c 
transgenic cereal plants nroduce8 - the transgenic 

to seed/ which upon germination, produces th 

cereal plant^^ ■ ^ ■ ^ gequence ref erred to 

10 'herein encodes an LEA protein, nucleotide identity to a 
piously seauenced- protein is not require ^ ~ 

i. -i j -readily apparent to those sKiixea 
should be readuy p " are possible" which are 

various nucleotide substitutions are possib 

.=t-inns (i e the amino acid encoded by the 
silent mutations (i.e. t possible to 

is nart^cular codon does not change) . It is aiso p 

substitute a nucleotide which alters the amino acid 
* * bv a particular codon, where the ammo acid 
encoded by a part.cux . ._ ion (i . e . amino 

, KeHtuted i S a conservative substitution u 
substitutea is .* . . possible to 

r/luence on the properties . secondary = ^ £ 
hydrophilic/hydrophobio nature of Che encooed P 
"iS- These variants are enc» P ^«e™c e.c ,a 
• encoding an I** protein -according to the suo,e=t 
invention. by che pre sent invention are 

■r cereal plants transformed with fragments of the 
transgenic cereal plan ^ eins o£ the present 

3 0 nucleic acids encoding the LEA pr con£erring water 

. • _ suitable fragirents capable of con^e.jrmy 
invention. Suitable r s cerea l plants can be 

..■ stress or salt stress tolerance to cereal P 

. constructed by using appropriate — ^ ™ 

f recent refers to a continuous portion of the 
■ 35 encoding molecule that is ; less than .he entire 
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Non-essential nucleotides could be placed at 
the 5' and/or 3' end of the fragments (or the full length 
* LEA molecules) without affecting the functional properties 
of the fragment or molecule (i.e. in increasing water 
5 stress or salt stress tolerance) . For example, the 

nucleotides encoding the protein may be conjugated to a 
signal (or leader) sequence at the N- terminal end (for 
example) of the protein which co- translationally or post- 
translationaily directs transfer of the protein. The 
10 nucleotide sequence may also be altered so that the . 
encoded protein is conjugated to a linker or other 
sequence for ease of synthesis, purification, or 
identification of the protein. 

15 Materials and Methods 

Construction of Actl-HVAl Plasmid for Rice Transformation 

A 1.0-kb EcoRI fragment containing the full- 
length HVA1 cDNA was isolated from the cDNA clone pHVAl 

20 (Hong et al . , 1988), and this fragment was blunted with 
Klenow DNA polymerase and subcloned into the Smal site of 
the plasmid expression vector pBY505, which is a 
derivative of pBluescript IIKS (+) (Stratagene, CA) , to 
create pBY520. On pBY520, the HVA1 ' structural gene is 

25 regulated by rice actin 1 gene (Actl) promoter (McElroy et 
al., 1990; Zhang, et al,'1991) and is between the Actl 
promoter and the potato proteinase inhibitor II gene 
(Pin2) 3' region (Thornburg et al . , 1987). Plasmid pBY520 
also contains the bacterial phosph'inothricin acetyl 

30 transferase (PAT) structural gene (commonly known as bar 
gene) (White et al . , 1990), which serves as the selectable 
marker in rice transformation . by conferring resistance to 
phosphinothricin-based herbicides . The bar gene is 
regulated by the cauliflower mosaic virus (CaMV) 3 5S 

35 promoter and followed by the nopaline synthase gene (nos) 
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termination signal . Plasmid P BY52 0 has been, deposited 
with the ATCC under Accession No. 69.9.30 .- : . : 

Production of Transgenic Rice Plants 

■ Calli were induced from immature embryos of 

rice (Oryza sativa L c.v. Nipponbare ; available from the 
International Rice Research Institute, Los Bancs, 
Philippines) and suspension cultures were established from 
selected embryogenic calli after three months of 
10 subculture in liquid medium. Fine suspension culture 
cells were used as the transformation material and 
bombarded with tungsten particles coated with the pBY520 
plasmid as described by Cao et al.. (1992) . Resistant 
calli were selected in selection medium -containing 6 mg/1 
15 o* ammonium glufosinate (Crescent .Chemical Co . , Hauppauge , 
NY) as the selective agent for 5-7 weeks. The resistant 
calli were transferred to MS (Murashige and Skoog, 1962) 
regeneration medium containing'- 3 mg/1 of ammonium 
glufosinate to regenerate into -plants. Plants regenerated 
20 from the same resistant callus were regarded as clones of 
the same line. Regenerated plants were transferred into 
soiland grown in the greenhouse (32°C day/22-C night, 
with a supplemental photoperiod of 10 h) . 



25 



30 



35 



Herbicide-Resistance Test of Transgenic Rice Plants 
The presence of' the transferred genes in 
regenerated rice plants was first indicated : by herbicide 
resistance of the plants . For the herbicide-resistance 
test, a water solution containing 0.5% (V/V) commercial 
herbicide BASTA™ (containing 162 g/1 glufosinate ammonium, 
Hoechst-Roussel Agri- Vet Company, : Somerville. NJ> and 0 . 1% 
(V/V) Tween-20 was painted on both .sides of a leaf . After 
one week, the resistant/sensitive phenotype was scored. 
Treated leaves of nontrans formed (NT) plants, were severely 
damaaed or died, whereas the treated leaves of. transgenic 
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plants were not affected cr only slightly damaged in the 
treated areas. 

DNA Blot: Hybridization Analysis of Transgenic Rice Plants 

5 Integration of the transferred genes (including 

HVA1) into the rice genome of the first generation (R 0 ) 
transgenic rice plants was confirmed by DNA blot 
hybridization analysis using the HVA1 coding region as the 
probe. Genomic DNA was isolated as described by Zhao et 

10 al . (1989). For DNA blot hybridization analysis, 10 to 
15 fig of DNA from each sample was digested with 
restriction endonuclease Hindlll, or a combination of 
EcoRI and BairiHI , separated on a 1.0% agarose gel, 
transferred onto a nylon membrane, and hybridized with the 

15 32 P-labeled HVA1 probe as shown in Fig. 1. There is a 
single Hindlll site on the plasmid, thus digestion of 
genomic DNA with Hindi II releases the fusion fragment 
containing .the HVA1 sequence and rice genomic .sequence-. 
Digestion with EcoRI and BamRI releases the 1.0-kb 

2 0 fragment containing the HVA1 cDNA. 

Immunoblot Analysis of HVA1 Protein Production in 
Transgenic Rice Plants 

Protein extracts were .prepared by grinding 
25 plant tissue in liquid nitrogen and homogenizing in 

extraction buffer containing 50 mM sodium phosphate (pH 
7.0), 10 mM EDTA, 0.1% (V/V) Triton X-100, 0.1% <W/V) 
Sarkosyl, 10 mM /3-mercaptoethanol , and 25 mg/ml 
phenylmethylsulf onyl fluoride. Mature seeds were cut into 
30 two halves, and the embryo- containing half-seeds were 
directly ground into fine powder and homogenized in the 
same extraction buffer. The homogenates were centrifuged 
at 5,000 x g for 5 min at room- temperature . The 
supernatants were further clarified. by centrif ugation at 
35 12,000 x g for 15 min at 4°C. The protein concentrations 
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were determined based on -the method of Bradford (1976) 
using a dye concentrate from BioRad (Hercules,. CA) . 
Proteins were separated by SDS-PAGE mini-gels, transferred 
electrophoretically to PVDF membrane using Mini Trans -Blot 
5 Cells (BioRad) , blocked with 3% (W/V). BSA in TBS 

containing 0.05% (V/V) Triton X-100, incubated with rabbit 
anti-HVAl antibody, and then incubated with goat anti- 
rabbit igG .alkaline phosphatase conjugate (BioRad). 
Secondary antibody was detected using 4-nitroblue- 
10 tetrazolium chloride (NET) and 5-bromo-4-chloro-3-indolyl- 
phosphate (BCIP) supplied in an alkaline phosphatase 
immunoassay kit from BioRad. Immunoreaction signals on 
the blot filters were scanned using a densitometer (Helena 
Laboratories, Beaumont, TX) to quantify, the relative 
15 amounts of the HVA1 protein. Partially purified HVA1 

protein was used as the standard to estimate the levels of 
HVAl protein in transgenic rice tissues. 

Analysis of • Growth Performance of Transgenic Plants under 
2 0 Drought- and Salt-Stress Conditions 

Evaluation of the growth performance under 
drought- and salt-stress conditions was carried out using 
the second generation (R,) plants. These R 1 plants 
represent a population that include homozygous, and 

25 heterozygous transgenic plants and segregated . 

nontr.neg.ntc plants. Seed's of either wild- type rice 
plants or transformation procedure-derived nontrans formed 
(NT) plants were used as control materials. They are both 
referred to as nontransf ormed control plants throughout 

30 this specification. 

Seed Germination and Seedling Growth in medium 

Thirty- R, seeds from each, of three transgenic 
-ice lines and two nontransf ormed control plants were 
35 surface-sterilized and germinated .in the dark at 25°C on 
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three kinds of agarose media: MS, MS+100 mM NaCl , and 
MS+200 mM mannitol . The MS medium contains only its 
mineral salts. Seeds were allowed to germinate in MS+100 
mM NaCl or MS+200 mM mannitol for 5 d and subsequently 
5 transferred to MS medium. To test the response of young 
seedlings to stress conditions, seeds were germinated in 
MS medium for 5 d. The 5-d-old seedlings were then 
divided, transferred onto two layers of Whatman paper in 
deep petri dishes and supplied with liquid MS , MS+100 mM 
10 NaCl, and MS+200 mM mannitol, respectively. Seedlings 
were grown under light at 25 °C and their response to the 
stress conditions was monitored for 5 d. 

Growth and Stress Treatments of Planzs in Soil 
15 Refined and sterilized field soil supplemented 

with a composite fertilizer was used to grow rice plants 
in the greenhouse (32°C day/22°C night, with a 
"supplemental photoperiod of 10 h) . This growth condition 
has been routinely used to support normal growth of 

20 several rice varieties. Seeds were germinated in MS' 

medium for 7 d, and the 7-d-old seedlings were transferred 
into soil in small pots with holes on the bottom (8 cm x 8 
cm, one plant per pot) . The pots were kept in flat -bottom 
trays containing water. The seedlings were grown for two 

25 additional weeks before they were exposed to stress 
treatments. At this stcfge, most of the 3 -week-old 
seedlings had three leaves / and some seedlings had an 
emerging fourth leaf. Two stress experiments using 
different sets of R x plants from the same R 0 transgenic 

3 0 line were conducted. In each experiment, 10 transgenic 
plants and at least 10 nontransf crmed control plants were 
used for each treatment . 

(i) Non-stress: The plants were supplied with 
water continuously from the trays. The nontreated plants 

3 5 were also measured for their growth when the stressed 
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plants were measured. Under this condition, both the 
transgenic plants and the nontransf ormed control plants 

well and did not show any significant difference » 
their growth performance during the entire period of 

5 ' XP * ri " , " , ' (li) water-stress: To start drought stress. 
„ a ter was withheld from the trays. The gradual but rapid 
aecrease of water content in the soil produced a drought 
situation. Mter 5 d drought stress, the plants were re- 
supplied with water for 2 d to allow the wilted plants to 
recover. Then, the second round of water stress was 

carried out. 

(iii> ■ Salt-stress: Short-term. severe salt- 
stress in the soil was produced by transferring^ the . pots 
into trays containing 200 mM NaCl solution for 10 d. 



10 



15 



20 



25 



into y - f^rm* hsek to trays containing 

Then, the pots were transferred back to tray 
tap water to let the plants recover for 10 d. Salt 

concentration in the soil was quickly reduced by flushing 
Te so I in the pots fro. the top wit, water ; and changing 
t he water in the trays for several txmes durxng t* . fx t 

2 d A second round of salt stress was imposed afte. 

of recovery by supplying the plants with - 50 mM NaCl 

solution for 30 d. 

Data Collection and Statistical" Analysis of Growth 

Performance ".' ' ' . • " 

Before starting stress treatments, each 
nontransf ormed control plant and transgenic plant was 
• measured for its initial height, leaf number and length. 
During and after stress treatments, each plant was also- 
measured. For statistical analysis, the. «^f -e 
10 tested plants in each treatment was calculated and 
for comparing the transgenic plants, with -the ; 
" nontransf ormed control plants. 



35 
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Example 1 

Production and Molecular Analysis cf Transgenic Rice 
Plants 

The structure of the plasmid pBY520 is shown in 
5 Figure 1. The cDNA of the barley LEA gene, HVA1 , is 
located downstream of the rice act in 1 gene (ActI) 
promoter.. The coding region of the bacterial 
phosphinothricin acetyl transferase gene (bar) is located 
downstream of the .cauliflower mosaic virus (CaMV) 35S 

10 promoter. Rice suspension cells, which were supported by 
filter papers and precultured in solid medium, were 
bombarded by tungsten particles coated with the plasmid 
DNA pBY520. Results of three transformation experiments 
are summarized in Table I. Thirty- three plates of 

15 suspension cells .were bombarded in these transformation 
experiments. Two hundred ammonium glufosinate- resistant 
calli were selected and transferred onto regeneration 
-medium; Sixty ^th-ree-- -independent- lines. -of plants _ ( 12 0. 
plants) were regenerated and grown in the greenhouse. As 

20 shown in Table I , more than 85% of the transgenic plants 
are fertile, producing various numbers of seeds. The 
sterility of some transgenic- lines appeared unrelated to* 
the presence of the foreign genes, since similar 
percentages of sterile plants were obtained in parallel 

25 experiments where the suspension cells were bombarded 

without plasmid DNA or 'with several other gene constructs. 

Phosphinothricin acetyl transferase encoded by 
the bar gene can detoxify phosphinothricin-based 
herbicides. Twenty-nine lines of plants were first tested 

3 0 for herbicide resistance. When painted with 0.5% 

commercial herbicide BAST A™, leaves of transgenic plants 
showed complete resistance, whereas^ the leaves of 
nontrans formed plants turned yellow and died. Among 2 9 
lines of plants that were tested for herbicide resistance, 

35 90% of them were resistant. The same 29 lines were 
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further analyzed by DNA blot hybridization using the HVAl 
cDNA fragment as probe , and 80% of them showed the 
predicted hybridization band pattern. 

Digestion of plasmid pBY520 or genomic DNA from 
5 transgenic rice plants releases the 1.0-kb fragment 
containing the HVAl coding region. Among 29 lines 
analyzed,. 23 of them contained the expected 1.0-kb 
hybridization band. The hybridization patterns of all 
transgenic plants are unique except the predicted 1.0-kb 
10 hybridization band, suggesting that these transgenic lines 
were from independent transformation events. Results of 
DNA blot, hybridization are generally .consistent with those 
of herbicide resistance test, therefore both the 
selectable marker gene and the HVAl gene on the same, 
15 plasmid were efficiently co-integrated into the rice 
genome. The use of a plasmid containing both the 
selectable gene and the HVAl gene in conjunction with the 
right selection procedure contributed to the high 
efficiency of regenerating transgenic plants. 



20 



Example 2 

Analysis of Accumulation of HVA1 Protein in R„ Transgenic 
. Rice Plants 

The accumulation of HVAl protein in a number of 
25 first generation (R 0 > transgenic lines, which were selected 
based on. the DNA blot hybridization data, was analyzed. 
Protein extracts were prepared from both leaf and root 
tissues. The HVA1 protein was detected by a polyclonal 
antibody raised against purified barley HVAl protein. A 
30 single band of 27. kD in SDS-PAGE gel, which corresponds to 
the HVAl protein, was detected in the leaf tissue of 
different -transgenic lines. . Accumulation of HVAl protein 
was. also readily .detected in roots, although the levels 
were relatively low compared with the levels in the leaf 
.35 tissues. The-relative levels of accumulation of the HVAl 
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protein in roots correspond to those in leaf tissue among 
different transgenic lines. Protein extracts of 
nontrans formed plants did not show the 27-kD protein band, 
and there were no additional bands of other sizes detected 
5 in the protein extracts of the transgenic plants or the 
nontrans formed plants. Using a partially purified HVA1 
protein preparation as standard, the levels of HVA1 
protein accumulated" in the leaf and root tissues of 
different transgenic lines were estimated to be in the 
10 range of 0.3-2.5% of the total soluble proteins 
(Table II) . 

To detect HVA1 protein accumulation in mature 
transgenic rice seeds, especially in the embryos, protein 
extracts were also prepared from embryo-containing half- 

15 seeds and analyzed by immunoblot . The 27-kD band 

corresponding to the HVA1 protein was not detected in the 
protein extracts of mature transgenic seeds. However, two 
strong bands with lower molecular mass, 20 kb and 13-: kD 
respectively, were detected. Since a high-level mRNA 

2 0 transcript highly homologous to the barley HVA1 gene has 
already been detected in mature rice seeds in a previous 
study (Hong et al . , 1992), these two proteins may 
represent endogenous rice LEA or LEA- like proteins 
accumulated during the late stage- of seed development. 

2 5 The lack of HVA1 protein accumulation in mature transgenic 
rice seeds may be due -tt> the low (or lack of) activity of 
the Actl promoter after seeds start to desiccate. 

Example 3 

30 Increased Tolerance to Drought- and Salt-Stress of 
Transgenic Rice Plants 

Results described above demonstrated that 
expression of the barley HVA1 gene regulated by the strong 
rice Actl promoter leads to high-level accumulation of the 
35 HVA1 protein in vegetative tissues of transgenic rice 



BNSDOC1D: <WO 9713843A1> 



PCT/US96/16181 

WO 97/13843 

- 26 - 



plants. Most of the primary transgenic rice plants 
apDeared morphologically normal compared with 
transformation procedure-derived nontransf ormed plants cr 
• wild-type plants. As described earlier, most plants are 
5 fertile. Taken together,, these results suggest that 
accumulation of HVA1 protein does not have detrimental 
•effects on the growth and development of rice plants. 
. To -determine whether the high-level 

accumulation of the HVA1 protein would have any beneficial 
10 effect on the growth performance of transgenic rice plants 
under stress conditions, evaluation of the growth 
performance under water- and salt- stress conditions was 
carried out using the second generation (RJ plants. Seeds 
of wild-type rice plants or seeds of transformation 
15 procedure -derived nontransf ormed plants were used as 
controls . 

Seed Germination and Seedling Growth in Medium under 
Osmotic and- Salt Stress Conditions 
20 m MS medium, seeds from both transgenic and 

control plants germinated well, and no difference was 
observed in. their seedling growth. In MS+100 mM NaCl or 
. MS-200 mM mannitol, both transgenic seeds and control 
seeds germinated slowly (2 d delay for emergence of the 
25 shoot and root) , but no difference, was observed between 

transgenic and control se^ds . After 5 d in the two stress 
media, the germinating seeds (with 0 . 2 - 0 . 5 cm long shoot) 
were transferred onto MS medium. Both transgenic and 
control seedlings recovered and resumed normal growth. 
30 However, transgenic seedlings grew faster during this 

recovery period, and the shoots of transgenic seedlings 
were significantly longer than those of the control 
seedlings after one week,.. Transgenic seedlings also had 1 
to -3 more adventitious roots than the. control seedlings. 
-35 • No significant- difference was observed between 
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nontransf orrned control plants and transgenic plants when 
seeds were germinated and grown continuously in MS medium 
(Table III) . 

Five-day-old seedlings from seeds germinated in 
5 MS medium were tested for their response to salt-stress. 
Both the transgenic and control seedlings were very 
sensitive to salt stress. In MS+100 mM NaCl , the 
seedlings gradually wilted within one week. However, the 
wilting of transgenic seedlings 'was delayed compared to 
10 the control seedlings. During the first three* days in 
MS+100 mM NaCl, more than half of the control seedlings 
became wilted, but only a very few transgenic seedlings 
became wilted. 

15 Growth Performance of Transgenic Plants in Soil under 
Water-Stress (Drought) Conditions 

The above experiments showed that transgenic 
plants and control plants respond to stress treatments 
differently. Extensive stress experiments were conducted 

20 using 3-week-old plants grown in the soil. Under constant 
nonstress condition in soil, no significant differences 
were observed between transgenic plants and control plants 
in their' growth performance during the entire period of 
the experiment. ..- 

25 Upon withholding- water from the trays, the 

gradual but rapid decrease of water content in the soil 
created a drought condition. There is a significant 
difference between the transgenic plants and the control 
plants in their response to this drought condition. 

30 Leaves at the same developmental stage of the transgenic 
plants became wilted about 1 to 2 d later than that of the 
control plants. After 4 to 5 d of drought stress, leaves 
of both control and transgenic plants became wilted, but 
wilting of transgenic plants was considerably less severe. 

35 . The difference between transgenic and control plants in 
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response to water deficit was also reflected in their 
growth rate of young leaves (increase of leaf length, 
during the first 3 d of drought stress. Drought stress 
inhibited the growth of the young leaves of control plants 
5 as well as transgenic plants. However, transgenic plants 
maintained higher growth rate than control plants 
(Table IV). After the drought-stressed plants were 
rewatered, the transgenic plants showed better recovery 
■ and' resumed f aster growth than the control plants. 

■r- slants are less damaged by the drought stress 
10 Transgenic plants are j.e»= a 

and loo. much healthier, whereas old leaves and trps of 
young leaves of nontransf ormed plants (NT) showed poor 

recovery and gradually died. 

Data in Table IV show the average plant herght 

-5 and root Jresh weight of the -stressed plants after four 

cycles of 5-d drought stress followed by 2-4 recovery with 
wate-ing. In summary, transgenic plants showed 
Itgn'i leant advantages over control plant, in th-xr growth 
performance under drought - stress conditions. The growth 

2 0 advantage was particularly evident in the growth of roots. 

Growth Perforce of Transonic Plant, in Soil under Sale 
Stress Conditions ^ ^ ^ ^ „ >cl) signif ican tly 

25 inhibited the growth of both transgenic and control 
clants , "although the plants' did not become wUted as- 
•• • gutLly as those plants under drought stress-. "--er 

transgenic plants maintained much higher growth rate th an 
the control plants at early stage ,d 0 to d 5) o salt- 
30 stress (Table V). Early symptoms of damage due to salt- 
stress' such as wilting, bleaching, and death of leaf 
' •••• fwoccurred first in old leaves . .eaves at the bottom 
• of a plant became wilted or died first. At <*.a«.r 
stage the young leaves developed necrosis . symptoms and 
3 5 started to wilt and dry from the leaf tips. Agaxn, 
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appearance and development of these symptoms occurred much 
more slowly in transgenic plants than in control plants. 
When the two leaves a: the bottom of most control plants 
became wilted, the first leaf at the bottom of most 
5 transgenic plants showed only slight wilting. Wilting of 
young leaves of transgenic plants was always less severe 
compared with the control plants. Upon removal of the 
salt stress, transgenic plants showed much better recovery 
than the nontransf ormed control plants. Data in' Table V 

10 also show the average shoot height and root fresh weight 
of the stressed plants 30 d after the initial salt-stress 
treatment. Again, transgenic plants showed significantly 
better performance than the control plants under extended 
stress condition. Under continuous severe salt stress, 

15 most of the nontransf ormed plants gradually died, whereas 
most transgenic plants survived a much longer time. 



Example 4 

Analysis of Accumulation of HVA1 Protein in R x Transgenic 
2 0 Rice Plants 

HVA1 protein accumulation was analyzed in R A 
plants from two R 0 transgenic lines at the end of the. 
stress experiment. Eight R x plants from each R 0 transgenic 
lines were analyzed. In each line, KVA1 protein was not 

25 detected in two out of eight -R^ plants, and this is due to 
the segregation of the- transferred gene in these second- 
generation plants. Those R x plants that lacked HVA1 
protein accumulation were severely inhibited and damaged 
by the stress treatments. These plants showed poor 

30 recovery after the first period of salt stress and 

gradually died under continuous stress condition. HVA1 
protein accumulation was detected in all the surviving R a 
transgenic plants that showed tolerance to stress. 
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Although preferred embodiments have been 
depicted and described ir. detail herein, it will be 

^•t^j - r r~" evant " art - that various 

apparent to tnose skilled -.n -n_ r..ev fl ... 

modifications, , additions, substitutions and the like can 
b- made without- departing fro:, the spirit of the invention 
and these are therefore considered tc be within the scope 
o* the invention as defined in. the .claims which follow. 



15 



Table I. Summary of trans formazicr. experiments 



Trans: rrTni ■ 

z i or. 
Exoerimenr 



Total 



No. of 
Places cf 

Ceils 
Bombarded 



8 



15 



10 



33 



Ne . c: 
ke £ i s - — r. " 

Call- 
Seis"e~ 



10" 



69 



24 



20C 



;;i . z f Lines 

(Plants- 
Reaenerated 



21 (67) 



15 (27) 



21 (26) 



€3 5120) 



Lines (I 



(66 



20 
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Table II. Eszimated j 
different transgenic 2 


• eveis cf HVA1 prc:e:r. acc^rjia:io- iu 




Level cf HVA1 Protein Accumulation 
(% cf Total Soluble Proteins) 


Leaf 


Root 


WT 

l>i i 


c 


0 


-J 


1 . 00 


ND 


- - 1 ^ 
1 J 


0.75 


ND 


1 ft 


-.50 j ND 1 






J Q 


C . 5 0 


0.30 


36 


1.50 


1.00 


3S 


0.80 


0.60 


41 


1.00 


0.70 


61 


C. 75 


ND 


J . net deLermmed. 
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Table III. Seed germination an 

szress cr salt stress 



d orowzh. cf young seedlings i: 



meciui 



under osmotic 



i D 



Length cf Shoot (cm) 




MS+mannitc- 
4.2±0 .2 - 1100V 



MS*NaCl 

2 . 7 r 0 . 1 (IOC; 



3.5 = 0 



5r : 



130 ) 



i (ie: 



, 1 114: 



— " ---^ e ^ 3 after see; aer...:r*a:::r.: - 

Data were = — — ; r _ K s. 10 o .inK .MaCl:- and "7 d in ■ 
stress tnedxurr. <M3.2Cu ^^an..u ' reoresen , £ the' average ; cf 10 
nonstress mediu- (MS,- . ^ ' s ^* s wer e germinated and grown 
seedlings. For nonstress «r.tro. ' lumbers in parentheses are the 
continuously: in MS medium for 12 ' se edlings compared to 
percentage of shoot length of *« n »9 a *" 
ontrol seedlings whichwasta^s 100. 



BNSOOC!0:<WO 9713843A1> 



PCT/US96/16181 

WO 97/13843 

- 33 - 





Table IV. Grow:^ performance cf : 


:ransge. 




plants in soil 




under u/acer-srress fdjrouc£r; cond: 


rion 












Leaf Growth 














Rate (% Length 


Plan 


z Height 




Root Fresh Wt 




Transgenic Line 


Increase) 1 




v cm ) D 




<g>* 




NT 


€9 


22=1 


.4 (IOC) 




0 . 9±0 . 1 ( 100 i 




30 


9C 


25=1 


.1 . ( 132 ; 




1 . 4*0 . 1 (156 ) 




3c 


129 


i 

t 


. = \1€B) 




2.1=0.1 (233: 


- r, 


■i - 




! ' 


. r (150 




1.3-0.:- ( 2 5 r > 




• -Trie 


lengths cf the tv 


z uppei 


-=aves 


were measured 


- 


before and 3 c a 


fter. withholding water f 


rcr. the 


trays . Growth rate 


- 


was calculated as percentage length inrr 


ease cf 


the two leaves 




during the 3-c period of drought stress. 








— D 


b Data were collected at 28 d 


after the beginning of 




'initial water st 


res s ( f our cycles 


-of-*--d 


drought 


" st 


res s followed by 




2 - d recovery wit 


h watering, . The 


mean 1 


ength cf 


the two longest 




leaves en the top of the plants was used 


as a measure of the plant 




height. Each value* SZ represents 


the average cf 


1 0 


plants except 


2C 


for roc: fresh v. 


e i gh t wh i c h is t h 


= avers 


re cf four 


plants . Numbers 




in parentheses a 


re the percentage 




nsgeni r 


plants compared cc« 




cor.trcl plants which was taken as 


10C . 
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Table V. Growth performance cf transge: 



,r rice plants in-sn. unaer 



Transgenic 
Line 


Leaf Growth 
Rate (% Length 
increase)* 


Plant Height 

i cm) c . 


Root Fresh 
wt <g) : 


N UuLDe „ 
Of 

surviving 
plants** 


NT 


- -76 


19-1.1 (i:: 


1.2:0. 1 
i 100) 


0 


50 ■ 


9 0 


23* : . ; . i: i _ 


1 . & r C ..1 

:.15S 




-I 36. 1 103 


2 5*0 . h : i r : 


ND 


8 i 


41 


115 


26*0.6 (13") 


2:6*0.1 
(217) 

_ — _ . ~. .~ «.« a v a mas 


e 



20 



25 



•The lengths of 
before salt-stress, and at 
imposed. Growth rate was r 
of the two leaves during tr. 

*Data were cell* 
initial .sale-stress (10 d i 
recovery, and 10 d in 50 r:' 
longest leaves on the top - 
plant height'.* Each value* 
except fcr root fresh weig 
Numbers in parentheses are 
compared to' control plants 
determined, 

c Data were col! 
40 d after "beginning oft: 
NaCl, i: d in tap water f: 
transgef.it plants from ea 
control plants were used, 
transgenic lines 3 6 and 4 



the two uppe: j.e<*v« w**^ ^ 

5 d after salt -stress condition was 
alculated as percentage length increase 
e 5-d pericc ct salt stress. 
»-ted at 3- - after beginning of the 
r. 200 tr.:-: Natl. 10 d m tap water for 

Na=l. . The mear. length cf the twe 
ti the plants was used as a measure cf tin 
ss . r epresent= the average of 10 plants 
~- which 'is tr.e average cf four plants, 
"the percentage of transgenic plants 
which was tar.en as IOC KD . not 



-ected from a second stress experiment at 
"-'"initial salt stress. 110 d in 200 mM 
~r recovery, and 20 d in 50 mM NaCl) . Ten 
~- transgenic' line and 10 nontrans termed 
~" Fcr NT, all ten plants died.- For 
. eight out cf ten plants survived. 
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WHAT IS CLAIMED IS: 



1 • A method of producing a cereal plant cell or 
protoplast useful for regeneration of a water stress or 
5 salt stress tolerant cereal plant, said method comprising 
transforming a cereal plant cell or protoplast with < 
nucleic acid encoding a late embryogenesis abundant 
protein. 

10 2 - The method of claim 1 wherein said cereal plant 

cell or. protoplast is derived from a rice plant. 

3. The method of claim 1 wherein said late 
embryogenesis abundant protein is a group 3 late 

15 embryogenesis abundant protein. 

4. The method of claim 1 wherein said nucleic acid 
encoding a late embryogenesis abundant protein is "the HVA1 
gene of barley. 

20 

5. The method of claim 1 wherein said transformation 
comprises: 

propelling particles at said cereal plant cell under 
conditions effective for the particles to penetrate the 
25 cell interior; and 

introducing a plasmrd comprising the nucleic acid 
encoding the late embryogenesis abundant protein into the 
cell interior . 

6. The method of claim 5 wherein the plasmid i< 
associated with the particles, whereby the plasmid ii 
carried into the cell or protoplast interior together with 
the particles. 
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u Vnf claim 5 - wherein the plasmid is 
7. The method of claim 

designated pBY520. 

<-v. a of c 1 aim i further comprising 
q The method of c.airo x 

transformed- cereal plant- cell, or 
5 regenerating the transfer 
. protoplast to form a transgenic cereal 

' ' ae nic ' cereal plant produced by ..the method 

9 a transgenic cereax ^ 

of claim 8. 
of claim 9 . 

— ~t-T^<*<3 or salt, sticaa 

15 plant to water stress or ^ ^ 

tnethod comprising increasing fc _ 

embryogenesis abundant protein in 

12 .cereal plant 
20 with a nucleic acid enco^a ^ 

protein that confers wate - ^ cereal plant cell 

on a cereal plant regenerated 

or protoplast . _ 

• i a „t-. cell of claim 12 wherein said 

13 . The cereal Pl«V^ ' derived £rom a rice 
cereal plant cell or protoplast 

plant. 

, lant cell or protoplast of claim 12 
14 . The. cereal plant cell P ^ & 

_ e late embryogenesis abundan- p 
30 wherein the late emw y » in , 
.. 3 late embryogenesis abundant protein,, 

, , ant cel i or protoplast of claim 12 

15 ' 7 Tele ^encoding a la te embryogenesis 
wher ein said nucleic a^ ^ ^ ^ ^ 

35 abundant protein i=» 
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16'. The cereal plant cell or protoplast of claim 
12 wherein said cereal plant cell or protoplast includes 
nucleic acid encoding a promoter, wherein expression of 
said nucleic acid encoding said late embryogenesis 
5 abundant protein is controlled by said promoter. 

17. The cereal plant cell or protoplast of claim 16 
wherein said promoter is the rice actin l gene promoter. 

10 18. The cereal plant cell or protoplast of claim 12 

wherein said cereal plant cell or protoplast includes a 
nucleic acid encoding a selectable marker. 

19. The cereal plant cell or protoplast of claim 18 
15 wherein said nucleic acid encoding a selectable marker is 
the Jbar gene . 

20". "The cereal plant cell or protoplast of claim 19 
wherein said cereal plant cell or protoplast includes a 
20 nucleic acid encoding the cauliflower mosaic virus 35S 
promoter, wherein expression of said bar gene is 
controlled by the cauliflower mosaic virus 3 5S promoter.* 

21. A transgenic cereal plant regenerated from the 
25 cereal plant cell or protoplast of claim 12 . 

22. A seed produced by the transgenic cereal plant 
of claim 21 . 

30 23 . A transgenic cereal plant transformed with a 

nucleic acid encoding a late embryogenesis abundant 
protein that confers water stress or salt stress toleranc 
to the plant .' 
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10 



15 



24. . The transgenic cereal plant of claim 23 wherein 
said cereal plant is a rice plant. 

25. The transgenic cereal plant of claim 23 wherein 
the late embryogenesis abundant protein is a group 3 late 
embryogenesis abundant protein. 

26. The transgenic cereal plant of claim 23 wherein 
said nucleic acid encoding a late embryogenesis abundant 
protein is the HVA1 gene of barley. 

27. The transgenic cereal' plant of claim 23 wherein 
said transgenic cereal plant includes a nucleic acid 
encoding a promoter,; wherein expression of said nucleic 
acid encoding said, late embryogenesis abundant protein is 
controlled by said promoter. 

28. The transgenic cereal plant cf claim 27 wherein 
said promoter is the rice actin 1 gene promoter. 

29. The transgenic cereal plant of claim 23 wherein 
said transgenic cereal plant includes a nucleic acid 
encoding a selectable marker. 

2 5 30 The transgenic cereal -plant of claim 29 wherein 

said nucleic acid encoding 'a selectable; marker is the bar 
gene . 

3 n The transgenic cereal plant" of claim 30 wherein 
30 said transgenic cereal plant includes a nucleic acid 

• - encoding the cauliflower mosaic virus 35S promoter, 
1 wherein expression of said bar gene is controlled by the 
cauliflower mosaic virus 3 5S promoter. 



20 
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32. ' A seed produced by the transgenic cereal plant 
of claim 23. 

33. A seed, which upon germination, produces the 
5 transgenic cereal plant of claim 23. 

34 . A transgenic cereal plant transformed with a 
plasmid that confers water stress or salt stress tolerance 
to the cereal plant, said vector comprising: 

10 first nucleic acid encoding a late embryogenesis 

abundant protein ; 

second nucleic acid encoding a promoter, said 
second nucleic acid located 5' to said first nucleic 
acid and said second nucleic acid controlling 
15 expression of said first nucleic acid; 

third nucleic acid encoding a termination 
signal, said third nucleic acid located 3' to said 
" first nucleic acid; ' * 

fourth nucleic acid encoding a selectable 
20 marker, said fourth nucleic acid located 3' to said 

third nucleic acid; 

fifth nucleic acid encoding a promoter, said * 
fifth nucleic acid located 5' to said fourth nucleic 
acid and 3' to said third nucleic acid, said fifth 
25 nucleic acid controlling expression of said fourth 

nucleic acid; and 

sixth nucleic acid encoding a termination 
signal, said sixth nucleic acid located 3' to said 
fourth nucleic acid. 

30 

35. The transgenic cereal plant of claim 34 wherein* 
said plasmid is designated pBY520. 




BNS0OCID:<WO 9713843A1> 



INTERNATIONAL SEARCH REPORT 



international application No. 
PCT/US96/16181 



| A. CLASSIFICATION OF SUBJECT MATTER 
IKT(6) :Pleaie See Extra Sheet. 
US CL .Please See Extra Sheet. 
According to Int ernational Patent Clarification (IPC) or t o both national edification and IPC 

B. FIELDS SEARCHED 

| Minimum documentation searched (edification system foUowed by classification symbols? 
U.S. : 435/69.1, 172.3, 240.4. 240.47. 240.49. 320.1; 536/23.6, 24.1; 



800/205 



Documentation scorched other than 



minimum documentation to the extent that such document, arc included in ihe fields searched 



E^n^u b ase consul duHng the international search (name of data baae and. where practical, search term, used) 
f APS. CABA. CAPIUS, MEDLINE. BIOSIS 

search terms: (ate embryogenesis abundant. HVA1 , barley, salt, stress. LEA 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 1 



Ciution of document, with iridic, where appropriate, of the relevm passage, 



Relevant to claim No. 



SUTTON et al. Group 3 LEA Gene HVA1 Regulation by Cold 
Acclimation and Deacclimation in Two Barley Cultivars with 
wPT,? eeze Resistan ce. Plant Physiol. 24 January 1992 
Vol. 99, pages 338-340. especially page 338. 

STRAUB et al. Structure and promoter analysis of an ABA. 
and stress-regulated barley gene. HVA1. Plant Molecular 

CURRY et al. Sequence analysis of a cDNA encoding a 
Group 3 LEA mRNA inducible by ABA or dehydration stress 
07^1^ 3nt M <>'ecular Biology. 1991, Vol. 16. pages 
1073-1076, especially pages 1073-1074. 



B F»"herdocun,e nu. rel i, t ed i nU,cc 0 ntinuaUon ofBo,C. JJ See paten. fa mi , y .„ ne x 



Speciai coictorie* of ched document* 
earlier decuman pu*>u«b*d oc or *A*r tf* tmcmw^J Alia, die 

»^emo| to Monl tfiaclomrc. aw. exhifeaio© or other 




d 

<he prionry 



pubtmbed prior 10 Che aBCcrotbccuU film* d*tt but bit, d*** 



I Dale of ihe actual completion of the intemationaJ search 

02 JANUARY 1997 
Name and mailing address of ihe ISA/US 

Washington, D.C. 2023 1 

1 Facsimile No. (7031 305-3230 

Form PC T/iS A/210 (second sheel)(July 1992)* 



pmaelc or theory undcrtysf Ac mvaukm 

jocxB«i o/ pefwybr relevtoce; »he cbumed iov«iioo c«noi be 
of pmn»niW «tev««; tbe cW* mveniico «aooc be 



Date of mailing of the international search report 

30 JAN 1997 



Authorized officer 

- / 

THOMAS HAAS 

Telephone No. HOI) 308-0196 



BhBOOaD: <WO S713S43A1> 



INTERNATIONAL SEARCH REPORT 



I j nt cn^uon*i »ppUc*iion No. 
PCT/USW16181 - 



" IcOKBOK-K^^— ^^^^ 



Retev»M U> clkim No. 
1-35 



Form PCT/lSA/210 (conlinu»uon of »«» 



BNSOOCLO: <WO 97138A3A1> 



INTERNATIONAL SEARCH REPORT 



Intci...uonal application No. 
PCT/US96/16181 



A. CLASSIFICATION OF SUBJECT MATTER: 
IPC (6): 

C12M 5/00. 5/04. 15/00, 15/05, 15/09. 15/29, 15/64, 15/82; A01H 1/00. 1/04. 4/00 

A. CLASSIFICATION OF SUBJECT MATTER: 
US CL : 



435/69.1. 172.3. 240.4. 240.47. 240.49. 320.1; 536/23.6. 24.1; 800/205 



Form PCT/ISA/210 (cxira ihectXJuly 1992)» 



3NSOOCID:<WO 9713843A1> 



THIS PAGE BLANK (uspto) 



